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The c o n c e n t r a t i o n  o f  th e  p r i n c i p a l  t r a c e  e lem ents  
i n  enamel was e s t a b l i s h e d  and i t  was co n s id e re d  im p o r tan t  to  examine 
th e  r e l a t i o n s h i p  betw een th e s e  and t h i s  i s  now be ing  i n v e s t i g a t e d .
One o f  th e  e lem en ts  which was i n v e s t ig a t e d  was m ercury
b o th  a s  a t r a c e  e lem ent and from th e  v ie w p o in t  o f  i t s  i n c lu s io n  i n  d e n t a l  
amalgam f i l l i n g s .  The i n i t i a l  s tudy  showed t h a t  m ercury was p r e s e n t  i n  
sound enamel as  a d i e t a r y  co n ta m in a n t .  Where amalgam f i l l i n g s  were 
p r e s e n t  i n  th e  mouth c o n ta m in a t io n  o f  sound t e e th  r e s u l t e d  from th e  
co n t in u o u s  m ig r a t io n  o f  m ercury  from amalgam f i l l i n g s . This  s tu d y  
s t im u la t e d  f u r t h e r  i n v e s t i g a t i o n  in to  m ercury as  a p o s s i b l e  haza rd  to  
d e n t a l  p e r s o n n e l  i n  th e  d e n t a l  s u r g e r y .  These i n v e s t i g a t i o n s  showed 
t h a t  t h i s  e lem en t must be co n s id e re d  as  a p o t e n t i a l  h e a l th  h a z a rd .
The second p a r t  o f  th e  t h e s i s  i s  concerned w ith  th e
ex am in a t io n  o f  s p e c i f i c  problem s a s s o c ia t e d  w ith  te c h n ia u e s  employed i n  
d e n t a l  p r a c t i c e .  One o f  th e  most s i g n i f i c a n t  advances i n  d e n t a l  te c h n io u e s  
i n  t h i s  c e n tu ry  has been th e  i n t r o d u c t i o n  o f  th e  h igh  speed, a i r  t u r b in e  
handp iece  f o r  c u t t i n g  hard  d e n t a l  t i s s u e s .  The use o f  t h i s  handpiece  
however, in t ro d u c e d  a. haza rd  t o  th e  o p e r a to r  as  a r e s u l t  o f  th e  fo rm a t io n  
o f  a e r o s o l s  from th e  a i r  n e c e s s a ry  to  d r iv e  th e  handp iece  and th e  o i l  
used  f o r  l u b r i c a t i o n .  These a e r o s o l s  a l s o  produced an in c re a s e  i n  th e  
b a c t e r i a l  c o n te n t  o f  the  a tm osphere .  I n  a d d i t i o n ,  d e b r i s  which r e s u l t e d  
from th e  c u t t i n g  caused an in c r e a s e  i n  r e s p i r a t o r y  co m p la in ts  amongst 
d e n t i s t s .  The n o ise  l e v e l s  o f  t h i s  type  o f  handpiece  were a l s o  in v e s t ig a t e d  
as  a p o s s i b l e  haza rd  to  th e  h e a r in g  o f  th e  o p e r a t o r .  A f i v e - y e a r  s tu d y  
showed t h a t  s i g n i f i c a n t  h e a r in g  lo s s e s  could  o c c u r .  As a r e s u l t  
o f  th e s e  and o th e r  s tu d i e s  w i th  d e n ta l  handp ieces  m o d i f ic a t io n s  were 
made to  reduce b o th  th e  n o ise  l e v e l  and th e  need to  in c lu d e  o i l  f o r  
l u b r i c a t i o n .
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The t h i r d  s e c t i o n  i s  concerned w ith  th e  e f f e c t s  on 
th e  p u lp  o f  th e  to o th  o f  m a t e r i a l s  used i n  r e s t o r i n g  to o th  t i s s u e .
Many m a t e r i a l s  have been  employed f o r  t h i s  purpose  b u t  d e s p i t e  
s a t i s f a c t o r y  p h y s ic a l  p r o p e r t i e s  have proved to  be to x i c  t o  t h i s  
t i s s u e .
As w ith  a l l  r e s e a r c h  th e  im p l ic a t io n s  and im portance 
o f  th e  r e s u l t s  may n o t  y e t  have f u l l y  emerged. I t  i s  hoped, however, 
t h a t  t h i s  work r e p r e s e n t s  some c o n t r i b u t i o n  tow ards th e  r e l a t i o n s h i p  
betw een th e  c h e m is t ry  and th e  b i o l o g i c a l  p ro c e s s e s  o f  th e  human 
to o t h  and i t s  su p p o r t in g  t i s s u e s .
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The a u t h o r  was a p p o in t e d  L e c t u r e r  i n  C o n s e r v a t iv e  
D e n t i s t r y  i n  t h e  U n i v e r s i t y  o f  Glasgow i n  1954* From 
t h a t  t im e  he i n i t i a t e d  a  programme o f  r e s e a r c h  i n  s e v e r a l  
f i e l d s  o f  d e n t a l  s c i e n c e  and  on t h e  b a s i s  o f  t h i s  r e s e a r c h  
p r e s e n t e d  a  t h e s i s  f o r  t h e  d e g r e e  o f  P h .D . w h ich  was 
a c c e p t e d  b y  t h e  U n i v e r s i t y  o f  Glasgow i n  1959* I n  1964- 
he was a p p o in t e d  S e n io r  L e c t u r e r  i n  C o n s e r v a t iv e  D e n t i s t r y  
and  i n  1965 S e n i o r  L e c t u r e r  i n  P e r i o d o n to l o g y  o f  t h e  
U n i v e r s i t y  o f  G lasgow . I n  1966 he was a p p o in t e d  t o  t h e  
C h a i r  o f  C o n s e r v a t iv e  D e n t i s t r y  i n  t h e  U n i v e r s i t y  o f  
M a n c h e s te r  w here  he h a s  c o n t i n u e d  h i s  r e s e a r c h .
R e s e a r c h  from  1954—1966 was c a r r i e d  o u t  i n  t h e  D e n ta l  
S c h o o l ,  and  D e p a r tm e n ts  o f  C h e m is t r y ,  P h y s i c s  and  F o r e n s i c  
M e d ic in e  o f  t h e  U n i v e r s i t y  o f  G lasgow and i n  t h e  R e g io n a l  
D e p a r tm en t  o f  C l i n i c a l  P h y s i c s  and B i o e n g i n e e r i n g  o f  t h e  
W e s te rn  R e g io n a l  H o s p i t a l  B o a rd .  I n  a d d i t i o n  t o  t h e  
B i o l o g i c a l  S c i e n c e s ,  t h i s  r e s e a r c h  i n v o lv e d  t h e  d i s c i p l i n e s  
o f  C h e m is t ry  and  P h y s i c s .
S u p p o r t  f o r  t h e  r e s e a r c h  f o r  t h e  P h .D . t h e s i s  was 
g iv e n  by  t h e  S c o t t i s h  H o s p i t a l s  Endowment R e s e a r c h  T r u s t .
On t h e  b a s i s  o f  t h e  r e s u l t s  o f  t h e  f i r s t  p r o j e c t  an  
i n c r e a s e d  g r a n t  was g iv e n  by  t h a t  body  i n  1962 w h ich  
e n a b le d  a  r e s e a r c h  a s s i s t a n t  t o  be  a p p o in t e d .  From 1966 
h i s  w ork h a s  c o n t i n u e d  i n  t h e  U n i v e r s i t y  o f  M a n c h e s te r .
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I n  a l l  p a p e r s  p r e s e n t e d  i n  t h i s  t h e s i s  t h e  a u th o r  h a s  
i n i t i a t e d  t h e  r e s e a r c h  and  w here  t h e r e  i s  a  j o i n t  a u t h o r ­
s h i p ,  he i s  t h e  s e n i o r  a u t h o r .  He w is h e s  t o  s t a t e  t h a t ,  
a p a r t  f rom  t h e  p a p e r  on E s t i m a t i o n  o f  A r s e n ic  i n  t h e  D e n ta l  
T i s s u e s  ( P a p e r  No. 1 )  and on Z in c  P h o s p h a te  Cement (P a p e r  
No. 2 ) none o f  t h e  p a p e r s  h a s  b e e n  s u b m i t t e d  f o r  a  t h e s i s .  
T hese  p a p e r s  (N os. 1 and 2 )  w ere  i n c l u d e d  i n  t h e  P h .D . 
t h e s i s  b u t  have  b e e n  i n c l u d e d  h e r e  as  t h e y  r e p r e s e n t  t h e  
f i r s t  s t a g e s  o f  t h e  r e s e a r c h  programme and i n d i c a t e  t h e  
d e v e lo p m e n t  o f  m ethods o f  r e s e a r c h .
The r e s e a r c h  c a r r i e d  o u t  i n  t h i s  p e r i o d  c a n  be d i v i d e d  
i n t o  t h r e e  m ain  s e c t i o n s .  The f i r s t  o f  t h e s e  r e l a t e s  t o  
t h e  t r a c e  e le m e n ts  i n  t h e  d e n t a l  t i s s u e s .  The p o s t - w a r  
d e v e lo p m e n t  i n  t h e  u se  o f  r a d i o - a c t i v e  i s o t o p e s  and  r a d i o ­
c h e m ic a l  t e c h n i q u e s  e n c o u ra g e d  t h e i r  u se  i n  r e s e a r c h .  The 
a v a i l a b i l i t y  o f  t h e  S c o t t i s h  U n i v e r s i t i e s 1 R e s e a r c h  R e a c to r  
a t  E a s t  K i l b r i d e  p r o v i d e d  f a c i l i t i e s  f o r  i r r a d i a t i o n  and 
t h e  p r o d u c t i o n  o f  many o f  t h e  s h o r t - l i v e d  i s o t o p e s  u s e d  i n  
t h i s  r e s e a r c h .  R a d io c h e m ic a l  t e c h n i q u e s  w ere  d e v e lo p e d  i n  
t h e  D e p a r tm en t  o f  C h e m is t ry  and t h e  D ep ar tm en t  o f  F o r e n s i c  
M e d ic in e .  I n  p a r t i c u l a r  a  s e n s i t i v e  t e c h n iq u e  o f  a n a l y s i s ,  
n e u t r o n  a c t i v a t i o n  a n a l y s i s ,  h ad  shown i t s e l f  t o  be  
s u i t a b l e  f o r  e x am in in g  t h e  t r a c e  e le m e n ts  i n  many b i o ­
l o g i c a l  t i s s u e s .  Dr. H. S m i th ,  a  c h e m is t  i n  t h e  D e p a r tm en t  
o f  F o r e n s i c  M ed ic in e ,  was r e s p o n s i b l e  f o r  d e v e l o p in g  many 
o f  t h e  m ethods o f  a n a l y s i s  i n  b i o l o g i c a l  t i s s u e s  u s i n g  
t h i s  t e c h n i q u e .
From 1950 onw ards a n im a l  e x p e r im e n t s  and n u t r i t i o n a l
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s t u d i e s  h ad  i n d i c a t e d  t h e  s i g n i f i c a n c e  o f  t h e  t r a c e  e le m e n ts  
i n  t h e  p r e v e n t i o n  and r e d u c t i o n  o f  d e n t a l  c a r i e s .  The 
e le m e n t  w h ic h  h ad  b e e n  shown t o  be  t h e  m ost s i g n i f i c a n t  i n  
c a r i e s  p r e v e n t i o n  was f l u o r i n e .  Numerous s t u d i e s  o f  t h i s  
e le m e n t  h ad  shown a  p o s i t i v e  c o r r e l a t i o n  b e tw e e n  f l u o r i d e  
i n t a k e ,  t o o t h  f l u o r i d e  c o n t e n t  and c a r i e s  r e s i s t a n c e .
O th e r  i n v e s t i g a t i o n s ,  h o w e v e r ,  had  i n d i c a t e d  t h a t  o t h e r  
e le m e n t s  p o s s e s s e d  a n t i - c a r i o g e n i c  p r o p e r t i e s  and a l s o  t h a t  
t h e  r e l a t i o n s h i p s  b e tw e e n  t r a c e  e le m e n ts  c o u ld  be i m p o r t a n t  
and  t h a t  i n t e r a c t i o n  b e tw e e n  them  c o u ld  be s i g n i f i c a n t .
W hile  t h e  c o m p o s i t i o n  o f  t h e  t o o t h  i s  n o t  t h e  o n ly  
f a c t o r  i n  t h e  c a r i o u s  p r o c e s s ,  i t  may p l a y  a  more s i g ­
n i f i c a n t  p a r t  t h a n  h a s  p r e v i o u s l y  b e e n  b e l i e v e d .  The 
r a n g e  o f  c o n c e n t r a t i o n  o f  many t r a c e  e le m e n t s  i n  a  s i n g l e  
t o o t h  h ad  n o t  b e e n  e s t a b l i s h e d  due t o  d i f f i c u l t i e s  i n  
a c h i e v i n g  a  s a t i s f a c t o r y  m ethod  o f  a n a l y s i s .  Most p r e v i o u s  
a n a l y s e s  h ad  b e e n  c a r r i e d  o u t  on p o o le d  sa m p le s  o f  t e e t h  
t o  o b t a i n  t h e  n e c e s s a r y  amount o f  t o o t h  f o r  a n a l y s i s .  I t  
i s  t h e  enam el o f  t h e  t o o t h  w h ich  i s  f i r s t  a t t a c k e d  by  t h e  
c a r i o u s  p r o c e s s  and  t h e r e f o r e  i t  i s  i m p o r t a n t  t o  exam ine 
t h e  c h e m ic a l  c o n t e n t  o f  t h i s  t i s s u e .  A n a ly s e s  o f  s u c c e s s ­
i v e  l a y e r s  o f  enam el hav e  shown t h a t  t h e  c h e m i s t r y  o f  t h e  
s u r f a c e  enam el d i f f e r s  from  t h a t  o f  t h e  u n d e r l y i n g  l a y e r s .
The d e v e lo p m e n t  o f  s e n s i t i v e  a n a l y t i c a l  t e c h n i q u e s  
s u c h  a s  n e u t r o n  a c t i v a t i o n  a n a l y s i s  and  a to m ic  a b s o r p t i o n  
s p e c t r o p h o t o m e t r y  e n a b le d  a n a l y s e s  o f  i n d i v i d u a l  t e e t h  t o  
be  c a r r i e d  o u t .
Dr. S m ith  i s  t h e  c o - a u t h o r  o f  P a p e r s  Nos. 1 , 3? 3? 6 , 
1 0 , 1 1 , 12 and 13 and  he h a s  p u b l i s h e d  f u l l  d e t a i l s  o f  h i s
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a n a l y t i c a l  m ethods i n  s p e c i a l i s e d  s c i e n t i f i c  j o u r n a l s .  I n  
P a p e r  No. 6 t h e  c o - a u t h o r  was Mr. G. D. P a x to n ,  a  t e c h n i c i a n  
w o rk in g  w i t h  D r. S m ith .  The a p p l i c a t i o n s  o f  t h i s  t e c h ­
n iq u e  w ere  p u b l i s h e d  a s  a  c h a p t e r  i n  a  t e x t - b o o k  on 
a c t i v a t i o n  a n a l y s i s  (P a p e r  No. 4 ) .
The a p p o in tm e n t  o f  Mr. H. D. L i v i n g s t o n ,  B . S c . ,  a  
R e s e a r c h  A s s i s t a n t ,  i n  1962 e n a b le d  t h e  a n a l y s i s  o f  t h e  
t r a c e  e l e m e n t s ,  z i n c ,  a n t im o n y ,  m an g an ese ,  v anad ium  and 
molybdenum t o  be c a r r i e d  o u t .  Of t h e s e  e le m e n ts  i t  was 
c o n s i d e r e d  t h a t  z i n c ,  v a n ad iu m  and molybdenum p l a y e d  an 
i m p o r t a n t  p a r t  i n  i n c r e a s i n g  t h e  r e s i s t a n c e  o f  t h e  s u r f a c e  
enam el l a y e r  t o  c a r i e s .  Mr. L i v i n g s t o n  c a r r i e d  o u t  h i s  
work i n  t h e  U n i v e r s i t y  D e n ta l  S c h o o l  and D e p a r tm en t  o f  
F o r e n s i c  M e d ic in e .  H is  P h . D . t h e s i s  on t h e  d e v e lo p m e n t  
o f  m ethods o f  a n a l y s i s  f o r  t h e  t r a c e  e le m e n ts  i n  t h e  d e n t a l  
t i s s u e s  was a c c e p t e d  by  t h e  U n i v e r s i t y  o f  Glasgow i n  1966 . 
T o g e th e r  w i t h  D r. H. S m ith  he i s  a  c o - a u t h o r  o f  P a p e r  Nos. 
1 0 , 1 1 , 12 and  13 .
As a  r e s u l t  o f  t h e  i n t e r e s t  i n  t h e  u p ta k e  o f  S t r o n t iu m -  
90 b y  t h e  c a l c i f i e d  t i s s u e s  o f  t h e  body  from  t h e  ' f a l l - o u t '  
o f  n u c l e a r  e x p l o s i o n s ,  m ea su re m e n ts  o f  t h i s  e le m e n t  were 
made i n  t h e  d e c id u o u s  and  p e rm a n e n t  t e e t h  o f  c h i l d r e n  i n  
t h e  West o f  S c o t l a n d .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  
w ere  p u b l i s h e d  a s  p a r t  o f  a  r e p o r t  d e a l i n g  w i t h  t h e  u p ta k e  
o f  S t r o n t iu m - 9 0  by  t h e  c a l c i f i e d  t i s s u e s  ( P a p e r  No. 7 ) .
The c o - a u t h o r  o f  t h i s  p a p e r  was M iss J .  W arren , o f  t h e  
P h y s i c s  D e p a r tm e n t  o f  t h e  W es te rn  R e g io n a l  H o s p i t a l  B o a rd .
The work on t r a c e  e le m e n t s  was c o n t i n u e d  i n  M a n c h e s te r  
and  M iss V a l e r i e  M yers , B . S c . ,  was a p p o in t e d  r e s e a r c h
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a s s i s t a n t .  The t r a c e  e le m e n t  u n d e r  i n v e s t i g a t i o n  a t  t h i s  
t im e  was s e l e n iu m ,  an  e le m e n t  w h ich  was c o n s i d e r e d  t o  
d e m o n s t r a t e  a  d i r e c t  r e l a t i o n s h i p  b e tw e e n  s e le n iu m  u p ta k e  
and  i n c i d e n c e  o f  d e n t a l  c a r i e s .  The a n a l y t i c a l  t e c h n i q u e s  
d e v e lo p e d  f o r  t h e  a n a l y s i s  o f  t h i s  e le m e n t  was s u c c e s s ­
f u l l y  s u b m i t t e d  by  M iss M yers f o r  an M.Sc. d e g re e  o f  
M a n c h e s te r  U n i v e r s i t y  and  was p u b l i s h e d  w i t h  M iss Myers 
a s  c o - a u t h o r  ( P a p e r  No. 1 6 ) .
I t  was c o n s i d e r e d  a p p r o p r i a t e  i n  1969 t o  p u b l i s h  a 
m a jo r  p a p e r  on t h e  t r a c e  e le m e n t s  i n  t h e  h a r d  d e n t a l  
t i s s u e s  ( P a p e r  No. 1 5 )  i n  w h ic h  t h e  r a n g e  o f  c o n c e n t r a t i o n  
o f  t h e  t r a c e  e le m e n t s  and a l s o  w i t h  t h e  a n a l y t i c a l  m ethods 
b e s t  s u i t e d  t o  t h e s e  e l e m e n t s ,  w ere  d i s c u s s e d .
The r e l a t i o n s h i p  b e tw e e n  t r a c e  e le m e n t s  was c o n s i d e r e d  
t o  b e  i m p o r t a n t  a s  t h i s  c o u ld  i n f l u e n c e  t h e  e f f e c t s  w h ich  
i n d i v i d u a l  t r a c e  e le m e n t s  c o u ld  have  on t h e i r  c o n c e n t r a ­
t i o n  i n  enam el and  a l s o  on t h e i r  e f f e c t  i n  r e d u c i n g  t h e  
c a r i e s  r e s i s t a n c e  o f  e n a m e l .  I n  1965 a m a jo r  r e s e a r c h  
p r o j e c t  was i n i t i a t e d  t o  exam ine t h e  r e l a t i o n s h i p  b e tw e e n  
t h e  t r a c e  e le m e n t s  c o p p e r  and  molybdenum. P r e v i o u s  work 
on a n im a ls  h ad  shown a r e l a t i o n s h i p  b u t  no i n v e s t i g a t i o n  
h a d  b e e n  c a r r i e d  o u t  w i t h  r e g a r d  t o  t h e i r  d i e t a r y  c o n c e n ­
t r a t i o n  and u p ta k e  by  t h e  h a r d  d e n t a l  t i s s u e s .  T h is  work 
was c a r r i e d  o u t  u s i n g  r a t s  a s  t h e  e x p e r i m e n t a l  a n im a l s .  
W hile  i t  was p o s s i b l e  t o  m easu re  t h e  c o p p e r  c o n t e n t  o f  t h e  
t e e t h  o f  t h e s e  a n im a ls  by  a c t i v a t i o n  a n a l y s i s ,  i t  was fo u n d  
t h a t  t h i s  t e c h n iq u e  c o u ld  n o t  be  em ployed  f o r  t h e  m e a su re ­
m ent o f  m olybdenum. The u se  o f  a to m ic  a b s o r p t i o n
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s p e c t r o p h o t o m e t r y  e n a b le d  b o t h  c o p p e r  and molybdenum 
a n a l y s e s  t o  be c a r r i e d  o u t ,  and  t h i s  s t u d y  h a s  now b e e n  
c o m p le te d .  The R e s e a rc h  A s s i s t a n t  f o r  t h i s  i n v e s t i g a t i o n ,  
M rs. C h r i s t i n e  H e ls b y ,  B . S c . ,  h a s  now c o m p le te d  h e r  P h .D . 
t h e s i s  f o r  s u b m is s io n  t o  t h e  U n i v e r s i t y  o f  M a n c h e s te r  on 
t h e  a n a l y t i c a l  m ethods u s e d  i n  t h i s  r e s e a r c h  (P a p e r  No. 20 ) .  
T h is  work h a s  b e e n  p r e p a r e d  f o r  p u b l i c a t i o n  and i s  i n c l u d e d .
One o f  t h e  e le m e n t s  i n v e s t i g a t e d  i n  t h e  t r a c e  e le m e n t  
s t u d y  was m e rc u ry .  I t  was exam ined  b o t h  a s  a  t r a c e  
e le m e n t  i n  t o o t h  t i s s u e  and  a l s o  f rom  t h e  v ie w p o in t  o f  i t s  
m i g r a t i o n  from  d e n t a l  amalgams i n  t h e  m outh . I t  was 
shown i n  t h e  i n i t i a l  s t u d y  t h a t  t h i s  e le m e n t  was p r e s e n t  i n  
so u n d  t e e t h  a s  a  c o n ta m in a n t  f rom  d i e t a r y  and o t h e r  
e x t e r n a l  s o u r c e s .  Where amalgam f i l l i n g s  w ere  p r e s e n t  i n  
t h e  m outh t h i s  c o n ta m i n a t i o n  was i n c r e a s e d  due t o  t h e  co n ­
t i n u o u s  m i g r a t i o n  o f  m e rc u ry  from  amalgam f i l l i n g s .
The r e s u l t s  o f  t h i s  f i r s t  s t u d y  s t i m u l a t e d  an  i n v e s t i ­
g a t i o n  i n t o  a  c o n s i d e r a t i o n  o f  m e rc u ry  a s  a  p o s s i b l e  h a z a rd  
t o  d e n t a l  p e r s o n n e l  w o rk in g  w i t h  t h i s  e le m e n t  i n  t h e  d e n t a l  
s u r g e r y .  An i n v e s t i g a t i o n  o f  d e n t a l  s u r g e r y  a s s i s t a n t s  
h a n d l i n g  t h i s  m a t e r i a l  showed t h a t ,  by  a n a l y s i s  o f  body 
t i s s u e s ,  t h e r e  was a  p o t e n t i a l  h a z a r d  from  m erc u ry  and t h a t  
p r e c a u t i o n s  had  t o  b e  t a k e n  when h a n d l i n g  t h i s  m a t e r i a l .
T h is  p a p e r  (No. 5 )  was p u b l i s h e d  w i th  D r. H. S m ith  a s  t h e  
c o - a u t h o r .  The work on m erc u ry  was c o n t i n u e d  i n  M a n c h e s te r  
t o  d e te r m in e  i f  amalgam f i l l i n g s  i n  t h e  m outh c o u ld  c a u s e  a  
s i g n i f i c a n t  u p ta k e  o f  m e rc u ry  i n  t h e  b od y  t i s s u e s .
A n a ly s e s  w ere  c a r r i e d  o u t  on body  t i s s u e s  from  c a d a v e r s  and 
p a t i e n t s  w i t h  l a r g e  num bers o f  amalgam f i l l i n g s .  The
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r e s u l t s  o f  t h i s  w ere  i n c o r p o r a t e d  i n  a  p a p e r  r e l a t i n g  t o  
t h e  u se  o f  m e rc u ry  i n  t h e  d e n t a l  s u r g e r y .  F u r t h e r  work 
was c a r r i e d  o u t  on t h i s  p ro b le m  and  t h i s  d e m o n s t r a te d  t h a t  
a  f u r t h e r  m e rc u ry  h a z a r d  was p r e s e n t  when h i g h - s p e e d  
m e c h a n ic a l  a m a lg a m a to rs  w ere  em ployed  t o  mix th e  am algam s.
The r e s u l t s  o f  t h i s  p a p e r  w ere  p u b l i s h e d  (P a p e r  No. 19) 
w i t h  Mr. T. 0 .  Rowbotham, S e n i o r  L e c t u r e r  i n  t h e  D e p a r t ­
m ent o f  C o n s e r v a t iv e  D e n t i s t r y ,  U n i v e r s i t y  o f  M a n c h e s te r ,  
a s  c o - a u t h o r .
The s e c o n d  p a r t  o f  t h i s  r e s e a r c h  was c o n c e rn e d  w i t h  
t h e  e x a m in a t io n  o f  s p e c i f i c  p ro b le m s  a s s o c i a t e d  w i t h  
t e p h n i q u e s  u s e d  i n  d e n t a l  p r a c t i c e .
P e r h a p s  t h e  m ost s i g n i f i c a n t  s t e p  f o r w a r d  i n  d e n t i s t r y  
i n  t h i s  c e n t u r y  was t h e  i n t r o d u c t i o n  o f  t h e  a i r  t u r b i n e  
h a n d p ie c e  f o r  t h e  rem o v a l  o f  t h e  h a r d  d e n t a l  t i s s u e s .
W ith  t h i s  h a n d p ie c e  c u t t i n g  s p e e d s  o f  up t o  2 5 0 ,0 0 0  r e v o l u ­
t i o n s  p e r  m in u te  a r e  o b t a i n e d  a s  o p p o sed  t o  5,000  r e v o l u ­
t i o n s  p e r  m in u te  o f  t h e  t r a d i t i o n a l  h a n d p ie c e .  At t h e s e  
u l t r a - h i g h  s p e e d s  t h e  c u t t i n g  e f f i c i e n c y  o f  d e n t a l  b u r s  i s  
i n c r e a s e d .  The u se  o f  t h i s  h a n d p ie c e ,  h o w e v e r ,  i n t r o d u c e s  
a  h a z a r d  t o  t h e  o p e r a t o r  a s  a  r e s u l t  o f  t h e  f o r m a t io n  o f  
a e r o s o l s  by  a i r  n e c e s s a r y  t o  d r i v e  t h e  h a n d p ie c e  and  t h e  o i l  
w h ic h  i s  n e c e s s a r y  t o  p r o v i d e  l u b r i c a t i o n .  T hese  a e r o s o l s  
p ro d u c e  an  i n c r e a s e  i n  t h e  b a c t e r i a l  c o n t e n t  o f  t h e  a tm os­
p h e r e  and a l s o  t h e  c u t t i n g  d e b r i s  c a u s e s  an  i n c r e a s i n g  
amount o f  r e s p i r a t o r y  c o m p la in t s  w h ich  r e s u l t  f rom  t h e  u se  
o f  t h e s e  h i g h  s p e e d  h a n d p ie c e s .  The d a n g e r s  o f  o i l  
i n h a l a t i o n  w ere  i n v e s t i g a t e d  i n  a  s t u d y  w i t h  Mr. R .G . T i l s t o n ,  
a  p h y s i c i s t  w i t h  t h e  P h y s i c s  D ep artm en t o f  t h e  W es te rn
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R e g io n a l  H o s p i t a l  B o a rd ,  who was t h e  c o - a u t h o r  o f  P a p e r  
No. 8 . T h is  work i n d i c a t e d  t h a t  a  s i g n i f i c a n t  amount o f  
o i l  c o u ld  be i n h a l e d  by  t h e  o p e r a t o r  from  t h i s  h a n d p ie c e .
A f u r t h e r  d i s a d v a n t a g e  o f  t h i s  ty p e  o f  h a n d p ie c e  i s  
t h a t  t h e  n o i s e  l e v e l s  o f  a ro u n d  75 d e c i b e l s  m ig h t  b e  a  
p o t e n t i a l  h a z a r d  t o  t h e  h e a r i n g  o f  t h e  o p e r a t o r .  A f i v e -  
y e a r  s t u d y  was u n d e r t a k e n  on d e n t a l  s t u d e n t s  w i t h  t h e  
a s s i s t a n c e  o f  M iss  E. C. Knox, an  a u d i o l o g i s t  t o  compare 
h e a r i n g  l e v e l s  b e f o r e  and  a f t e r  u s i n g  t h e s e  h i g h  sp e e d  
h a n d p i e c e s .  The r e s u l t s  o f  t h i s  s tu d y  (P a p e r  No. 9) 
showed t h a t  s i g n i f i c a n t  h e a r i n g  l o s s e s  c o u ld  o c c u r .  As a  
r e s u l t  o f  t h e s e  two s t u d i e s  w i t h  h a n d p i e c e s ,  m o d i f i c a t i o n s  
w ere  made w h ich  r e d u c e d  b o t h  t h e  n o i s e  l e v e l  and  t h e  n e ed  
t o  i n c l u d e  o i l  f o r  l u b r i c a t i o n .
The t h i r d  s tu d y  was t o  exam ine t h e  e f f e c t s  w h ich  many 
m a t e r i a l s  em ployed  i n  r e s t o r i n g  t o o t h  t i s s u e  may have  on 
t h e  p u lp  o f  t h e  t o o t h .  Many m a t e r i a l s  have  b e e n  em ployed  
f o r  t h i s  p u r p o s e  and d e s p i t e  s a t i s f a c t o r y  p h y s i c a l  p r o ­
p e r t i e s  have  p r o v e d  to  be  t o x i c  and  h a rm f u l  t o  t h i s  t i s s u e .  
The f i r s t  o f  t h e s e  m a t e r i a l s  t o  be  exam ined  was z in c  
p h o s p h a t e  c e m e n t ,  one o f  t h e  m ost commonly u s e d  m a t e r i a l s  
i n  d e n t i s t r y  (P a p e r  No. 2 ) .  The r e s u l t s  o f  t h i s  r e s e a r c h  
i n d i c a t e d  t h a t  c o m p a r is o n  c o u ld  be  made b e tw e e n  t h e  
r e a c t i o n s  o f  t h e  p u lp  on t h e  d o g 's  t o o t h  and t h a t  o f  t h e  
human t o o t h .  S i m i l a r  m ethods were u s e d  t o  exam ine  a  number 
o f  commonly u s e d  m a t e r i a l s  and  were u s e d  i n  an a s s e s s m e n t  
o f  t h e s e  m a t e r i a l s .  W ith  t h e  i n t r o d u c t i o n  o f  t h e  new er 
c o m p o s i te  r e s i n  f i l l i n g  m a t e r i a l s  a  s tu d y  o f  t h e i r  e f f e c t s
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was c a r r i e d  o u t  i n  c o n j u n c t i o n  w i t h  Dr. D. C. S m ith ,  R eader 
i n  D e n ta l  M a t e r i a l s ,  who a s  a  m a t e r i a l s  c h e m is t  was co n ­
c e r n e d  w i t h  t h e  d e v e lo p m e n t  o f  t h e s e  m a t e r i a l s  and w i t h  
e v a l u a t i n g  t h e i r  p h y s i c a l  p r o p e r t i e s .  Two p a p e r s  on t h e  
h i s t o l o g i c a l  e x a m in a t io n  o f  a  new m a t e r i a l  w ere  p u b l i s h e d  
( P a p e r  No. 18 )  w i t h  D r. D. C. S m ith  a s  c o - a u t h o r .  T hese  
s t u d i e s  showed t h a t  t h e  e f f e c t s  o f  t h i s  m a t e r i a l  on t h e  
d e n t a l  p u l p  w ere  l e s s  t o x i c  t h a n  h ad  b e e n  b e l i e v e d .
A s i m i l a r  h i s t o l o g i c a l  e v a l u a t i o n  o f  t h e  b u t y l  
c y a n o a c r y l a t e s  was c a r r i e d  o u t .  C y a n o a c r y la te s  were 
em ployed  a s  t i s s u e  a d h e s i v e s  and  t h e y  h ad  b e e n  i n t r o d u c e d  
i n t o  d e n t i s t r y  b e c a u s e  o f  t h e i r  h a e m o s t a t i c  and  b a c t e r i c i d a l  
p r o p e r t i e s .  T h ere  had  b e e n  l i t t l e  r e s e a r c h  on t h e i r  
e f f e c t s  on t h e  d e n t a l  p u lp  and  i t  h ad  b e e n  s u g g e s t e d  t h a t  
t h e y  w ould  be p a r t i c u l a r l y  v a l u a b l e  w here  t h e  p u lp  o f  th e  
t o o t h  had  b e e n  e x p o s e d .  The a p p l i c a t i o n  o f  t h i s  m a t e r i a l  
c o u ld  p ro d u c e  a  s e a l  w h ic h  w ould  s t i m u l a t e  t h e  f o r m a t io n  
o f  a  b r i d g e  o f  d e n t i n e  and p ro d u c e  a  h e a l i n g  o f  t h i s  
e x p o s u r e .  The r e s u l t s  o f  t h i s  i n v e s t i g a t i o n  have  shown 
t h a t  t h i s  m a t e r i a l  d o e s  n o t  s t i m u l a t e  t h e  d e n t a l  p u lp  t o  
h e a l i n g  and  i s  n o t  recom mended f o r  t h i s  p u r p o s e .  The 
c o - a u t h o r  o f  t h i s  p a p e r  w h ich  i s  p r e p a r e d  f o r  p u b l i c a t i o n  
( P a p e r  No. 2 1 )  i s  Mr. C. H annah, a  L e c t u r e r  i n  t h e  
D e p a r tm e n t  o f  C o n s e r v a t iv e  D e n t i s t r y ,  i n  t h e  U n i v e r s i t y  o f  
M a n c h e s te r .
The n i n e t e e n t h  c e n t u r y  p h i l o s o p h e r  and s c i e n t i s t  
H e lm h o l tz  s t a t e d  'A l l  s c i e n c e  i s  m easu rem en t* . W hile  
c l i n i c i a n s  w ould  p e r h a p s  d i s a g r e e  w i t h  t h i s  d ic tu m  
t h e r e  i s  l i t t l e  d o u b t  t h a t  c h e m ic a l  and p h y s i c a l  
t e c h n i q u e s  have  c o n t r i b u t e d  much t o  t h e  p r o g r e s s  w h ich  
b o t h  m e d ic a l  and  d e n t a l  r e s e a r c h  have  made i n  t h e  
p r e s e n t  c e n t u r y .
I n  i t s  e a r l i e s t  d a y s  d e n t a l  r e s e a r c h  was t o  some 
e x t e n t  e m p i r i c a l  and  d e p en d e d  m a in ly  on i n d i v i d u a l  
o b s e r v a t i o n .  T o -d a y ,  h o w e v e r ,  l i k e  o t h e r  b i o l o g i c a l  
s u b j e c t s  d e n t a l  r e s e a r c h  h a s  become one o f  i n t e r ­
d i s c i p l i n a r y  c o - o p e r a t i o n  b e tw e e n  d e n t a l  r e s e a r c h  w o rk e r  
and  s c i e n t i s t .  The e x t e n t  t o  w h ich  t h i s  r e l a t i o n s h i p  
h a s  i n c r e a s e d  i s  p r e s e n t e d  i n  P a p e r  No. 14 .
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S c i e n t i f i c  M ethods
T h ro u g h o u t  t h e  y e a r s  o f  d e n t a l  r e s e a r c h  t h e  p r i n c i p a l  
m ethod  o f  i n v e s t i g a t i o n  h a s  b e e n  t h a t  o f  m ic r o s c o p ic  
e x a m in a t io n  o f  h i s t o l o g i c a l  s e c t i o n s  o f  t h e  d e n t a l  t i s s u e s .  
W hile  r e f i n e m e n t s  i n  t h e  p r e p a r a t i o n  o f  s e c t i o n s  have  b e e n  
i n t r o d u c e d  m ic r o s c o p ic  e x a m in a t io n  s t i l l  r e m a in s  t h e  b a s i s  
upon  w h ic h  t h e  e v a l u a t i o n  o f  th e  e f f e c t s  o f  d e n t a l  m a t e r i a l s  
on t h e  d e n t a l  t i s s u e s  i s  b a s e d .  T h is  i s  t h e  m ethod w h ich  
h a s  b e e n  em ployed  i n  t h e  s t u d i e s  p r e s e n t e d  i n  t h i s  t h e s i s .  
Most o f  t h e s e  have  b e e n  c a r r i e d  o u t  i n  a n im a ls  and w h i le  
t h e  r e s u l t s  c a n n o t  be  e x t r a p o l a t e d  t o  d e te r m in e  t h e  e f f e c t s  
on human d e n t a l  t i s s u e s  t h e y  a r e  s u f f i c i e n t l y  c l o s e  t o  be 
a b le  t o  a s s e s s  t h e  r e l a t i v e  e f f e c t s  on v i t a l  t i s s u e s ,  a s  
t h e  c e l l u l a r  s t r u c t u r e s  o f  t h e  d o g 's  t e e t h  a r e  s i m i l a r  t o  
t h o s e  o f  t h e  human.
S t u d i e s  o f  t h e  c o m p o s i t i o n  o f  t h e  d e n t a l  t i s s u e s  have 
em ployed  many m ethods o f  a n a l y s i s .  T hese  m ethods w ere  
d i r e c t e d  m a in ly  t o  t h e  d e t e r m i n a t i o n  o f  t h e  m a jo r  e le m e n ts  
s u c h  a s  c a l c iu m  and p h o s p h o r u s .  Few a t t e m p t s  w ere  made 
t o  d e te r m in e  t h e  l e v e l s  o f  t h e  t r a c e  e le m e n ts  p r e s e n t  i n  
t h e  d e n t a l  t i s s u e s .  The te r m  ' t r a c e  e l e m e n t '  may l e a d  to  
some c o n f u s i o n  a s  t h e r e  i s  no d e f i n i t i v e  b o u n d a ry  o f  
c o n c e n t r a t i o n  and  no w id e ly  a c c e p te d  g ro u p in g  o f  e le m e n ts  
i n t o  t r a c e  and  n o n - t r a c e  e l e m e n t s .  I t  h a s  b e e n  s u g g e s t e d  
t h a t  l i m i t s  o f  c o n c e n t r a t i o n  o f  100 ppm. b y  w e ig h t  o r  l e s s  
s h o u ld  c o n s t i t u t e  a  t r a c e  e le m e n t  l e v e l  b u t  i n  t h e  h a r d  
d e n t a l  t i s s u e s  c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h i s  a r e  
g e n e r a l l y  c o n s i d e r e d  a s  t r a c e  e l e m e n t s .  One o f  t h e  m ain
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d i f f i c u l t i e s  i n  p r e v i o u s  m ethods o f  a n a l y s i s  h a s  b e e n  i n  
o b t a i n i n g  s u f f i c i e n t  q u a n t i t y  o f  s a m p le .  The d i s t r i b u t i o n  
o f  many e le m e n t s  v a r i e s  b e tw e e n  t e e t h  and ev en  w i t h i n  t h e  
e nam el o f  i n d i v i d u a l  t e e t h ;  t h e r e f o r e  r e s u l t s  may v a r y  
a c c o r d i n g  t o  t h e  m ethod  by  w h ich  sa m p le s  a r e  t a k e n .  Where 
p o o l e d  t o o t h  sa m p le s  a r e  u s e d  fro m  d i f f e r e n t  t e e t h  o n ly  
an a v e ra g e  c o n c e n t r a t i o n  o f  t h e  e le m e n ts  w i l l  be  o b t a i n e d  
w h ic h  i s  o f  l i t t l e  v a lu e  when e x a m in in g  t h e  r e l a t i o n s h i p  
b e tw e e n  t e e t h  w h ich  a r e  c o n s i d e r e d  c a r i e s - f r e e  and  t h o s e  
w h ic h  a r e  c a r i e s - p r o n e  and b e tw e e n  soun d  and  c a r i o u s  t e e t h .
The p r o g r e s s  o f  t h e  a n a l y s i s  o f  t h e  t r a c e  e le m e n ts  
h a s  b e e n  l i n k e d  to  t h e  d e v e lo p m e n t  o f  more s e n s i t i v e  
t e c h n i q u e s  w h ich  h a s  r e s u l t e d  i n  more p r e c i s e  i n f o r m a t i o n  
r e g a r d i n g  b o t h  t h e i r  c o n c e n t r a t i o n  and f u n c t i o n .  I n  
s e l e c t i n g  an  a n a l y t i c a l  t e c h n i q u e  f o r  t r a c e  e le m e n ts  
v a r i o u s  c r i t e r i a  su c h  a s  s e n s i t i v i t y ,  a c c u r a c y ,  p r e c i s i o n  
and  s e l e c t i v i t y  w ere c o n s i d e r e d .  T here  was a l s o  t h e  
p ro b le m  o f  i n t e r f e r e n c e s  w h ich  may be p r e s e n t  i n  t h e  m a t r i x  
o f  t h e  sam ple  o r  p ro d u c e d  by t h e  p r e s e n c e  o f  o t h e r  t r a c e  
e l e m e n t s .
The d e v e lo p m e n t  o f  n u c l e a r  s c i e n c e  l e d  t o  t h e  i n t r o d u c ­
t i o n  o f  new a n a l y t i c a l  t e c h n i q u e s  am ongst w h ich  was t h a t  
o f  n e u t r o n  a c t i v a t i o n  a n a l y s i s .  T h is  t e c h n iq u e  p r o v e d  t o  
be  m ost s u i t a b l e  f o r  t h e  i n v e s t i g a t i o n  o f  many o f  t h e  
t r a c e  e le m e n t s  i n  t h e  d e n t a l  t i s s u e s  and  h ad  many ad v an ­
t a g e s  o v e r  o t h e r  m ethods o f  a n a l y s i s  w h ich  w e re :
( a )  S p e c i f i c i t y  and  c e r t a i n t y  o f  i d e n t i t y
(b )  H igh  s e n s i t i v i t y .
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One o f  t h e  p ro b le m s  t o  be  overcom e was t h e  a v o id a n c e  
o f  c o n ta m i n a t i o n  d u r i n g  t h e  p r e p a r a t i o n  o f  t h e  sa m p le .
The t o o t h  sa m p le s  w ere p r e p a r e d  a s  f o l l o w s :
T e e th  w ere e x t r a c t e d  u s i n g  e x t r a c t i o n  f o r c e p s  w h ich  
w ere  p r o t e c t e d  w i t h  p o l y th e n e  t u b i n g  t o  a v o id  c o n ta m i n a t i o n  
o f  t h e  t o o t h  crow n fro m  t h e  m e ta l  o f  t h e  f o r c e p s  o r  t h e  
t e e t h  w ere  rem oved  s u r g i c a l l y .  Im m e d ia te ly  a f t e r  
e x t r a c t i o n ,  t e e t h  w ere w ashed  and  p o l i s h e d  l i g h t l y  i n  d i s ­
t i l l e d  w a te r  t o  rem ove any  d e n t a l  p l a q u e  w h ic h  was p r e s e n t .  
The crow n o f  e a c h  t o o t h  was s e c t i o n e d  h o r i z o n t a l l y  i n t o  
o c c l u s a l ,  m id d le  and  g i n g i v a l  t h i r d s  u s i n g  a  ca rb o run dum  
d i s c .  The enam el o f  t h e  m id d le  and  g i n g i v a l  s e c t i o n s  was 
s e p a r a t e d  i n t o  an i n n e r  a n d  o u t e r  l a y e r  a g a i n  u s i n g  a  
ca rb o rundu m  d i s c  w i t h  a  m ic ro m e te r  g a u g e .  As e a c h  new 
e le m e n t  was i n v e s t i g a t e d  t h e  d e g re e  o f  c o n ta m i n a t i o n  was 
a l s o  a s s e s s e d  to  d e te r m in e  i f  t h i s  was s i g n i f i c a n t .  I t  
was fo u n d  t o  be o f  no s i g n i f i c a n c e  i n  a l l  t h e  e le m e n ts  
r e p o r t e d .  However i t  was fo u n d  t h a t  c o n ta m i n a t i o n  c o u ld  
e a s i l y  be  p i c k e d  up a s  was d e m o n s t r a te d  d u r i n g  t h e  p r e p a r a ­
t i o n  o f  a  hom ogeneous enam el pow der p r e p a r e d  i n  a  m e ta l  
m o r t a r .  T h is  pow der gav e  a  c o n s i s t e n t  m anganese  c o n t e n t  
o f  4 .1 9  ppm. com pared  w i t h  t h e  a v e ra g e  v a lu e  o f  sound  
enam el o f  0 .83  ppm.
I n  t h e  s tu d y  w hich  was c a r r i e d  o u t  t o  exam ine t h e  
r e l a t i o n s h i p  b e tw e e n  c o p p e r  and  molybdenum i n  t h e  h a r d  
d e n t a l  t i s s u e s  o f  t h e  r a t  i t  was fo u n d  t h a t  t h e  h i g h  s e n s i ­
t i v i t y  o f  a to m ic  a b s o r p t i o n  s p e c t r o p h o to m e t r y  made t h e  
m ethod  p a r t i c u l a r l y  s u i t a b l e  f o r  t h e  a n a l y s i s  o f  t h e s e  
t r a c e  e l e m e n t s .  A c t i v a t i o n  a n a l y s i s  t e c h n i q u e s  w h i l s t
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s a t i s f a c t o r y  f o r  t h e  m easu rem en t o f  c o p p e r ,  d i d  n o t  p ro v e  
s e n s i t i v e  enough  f o r  t h e  m easu rem en t o f  molybdenum.
R a d i o a c t i v e  i s o t o p e s  w ere  em ployed i n  s e v e r a l  s t u d i e s .  
Most o f  t h e s e  w ere  c o n c e rn e d  w i t h  t h e  " l a b e l l i n g ” o f  
m a t e r i a l s  o r  o f  com pounds. I n  t h e  s tu d y  o f  a e r o s o l s  from  
h a n d p ie c e s  r a d i o a c t i v e  i o d i n e  ( 1^ ^ )  was em ployed t o  l a b e l  
t h e  o i l  and  t o  m ea su re  t h e  u p ta k e  by  th e  o p e r a t o r  and 
p a t i e n t .  A u t o r a d i o g r a p h ic  t e c h n i q u e s  were a l s o  u s e d  t o  
d e te r m in e  t h e  l o c a t i o n  and d i s t r i b u t i o n  o f  r a d i o a c t i v e  
i s o t o p e s .
The e n v iro n m e n t  o f  t h e  t o o t h  i n  t h e  m outh i s  an  u n u s u a l  
one o f  h a r d  t i s s u e s  s u r r o u n d e d  b y  a  f l u i d  medium o f  h e t e r o ­
g enous  c o m p o s i t i o n .  T h is  f l u i d  i s  composed o f  t h e  
s e c r e t i o n s  o f  t h e  m a jo r  and  m in o r  s a l i v a r y  g l a n d s  t o g e t h e r  
w i t h  t h e  s e c r e t i o n s  from  t h e  g i n g i v a l  t i s s u e s  and  mucous 
membrane w h ic h  s u r r o u n d  t h e  t e e t h .  The crow n o f  t h e  t o o t h  
i s  c o v e r e d  w i t h  enam el w h ic h  i s  a lm o s t  t o t a l l y  i n o r g a n i c  
i n  c o m p o s i t i o n  b u t  w h ich  i s  p e rm e a b le  t o  f l u i d s  p a s s i n g  
from  t h e  p u l p a l  c i r c u l a t i o n  t o  t h e  o r a l  f l u i d s  and  v i c e  
v e r s a .  The s p e c i f i c  r e l a t i o n s h i p  b e tw e e n  t h e  f l u i d  
e n v iro n m e n t  w h ich  s u r r o u n d s  t h e  t o o t h  and  t h e  h a r d  t i s s u e s  
h a s  n o t  y e t  b e e n  c l e a r l y  e s t a b l i s h e d .  Nor h a s  t h e  
r e l a t i o n s h i p  b e tw e e n  t h e  s t r u c t u r e  and c o m p o s i t io n  o f  t h e  
t o o t h  i t s e l f  and  i n d i v i d u a l  s u s c e p t i b i l i t y  t o  d e n t a l  c a r i e s .
As w i t h  a l l  r e s e a r c h  t h e  i m p l i c a t i o n s  an d  th e  im p o r ta n c e  
o f  t h e  r e s u l t s  p r e s e n t e d  i n  t h i s  t h e s i s  may n o t  y e t  have  
f u l l y  em erg ed . I t  i s  h o p e d , ho w ev er ,  t h a t  t h i s  work 
r e p r e s e n t s  some c o n t r i b u t i o n  w hich  w i l l  e n a b le  d e n t a l
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s c i e n t i s t s  t o  p i e c e  t o g e t h e r  a  more c o m p le te  p i c t u r e  o f  
t h e  r e l a t i o n s h i p s  b e tw ee n  t h e  c h e m is t r y  and th e  b i o l o g i c a l  
p r o c e s s e s  o f  t h e  human t o o t h  and  i t s  s u p p o r t i n g  t i s s u e s .
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ESTIMATION OF ARSENIC IN TEETH BY ACTIVATION ANALYSIS
From t im e  t o  t im e  v a r i o u s  a n a l y t i c a l  m ethods have b e en  
a p p l i e d  t o  t o o t h  s u b s ta n c e  t o  e s t a b l i s h  t h e  c o n t e n t  o f  s o -  
c a l l e d  t r a c e  e le m e n ts  s u c h  a s  l e a d  and t i n .  '  O th e r
e x p e r i m e n t a l  work h a s  shown t h a t  t h e s e  t r a c e  e le m e n ts  may 
p l a y  an  im p o r t a n t  p a r t  i n  t h e  f o r m a t io n  and p r e s e r v a t i o n  o f  
t e e t h . ( 3 ) - ( 6 ) t r a c e  e le m e n ts  a r e  p r e s e n t  i n  v e r y  low
c o n c e n t r a t i o n s  i t  h a s  b e e n  n e c e s s a r y  i n  p r e v i o u s  i n v e s t i g a ­
t i o n s  t o  u se  p o o le d  m a t e r i a l  f ro m  many d i f f e r e n t  s u b j e c t s  
t o  p r o v i d e  an  a d e q u a te  sam ple  f o r  a n a l y s i s  b y  c h e m ic a l ,  
s p e c t r o g r a p h i c  o r  c o l o r i m e t r i c  m e th o d s .  The c o n c l u s i o n s  
w h ich  may be  draw n fro m  su c h  e x p e r im e n t s  a r e  n e c e s s a r i l y  
l i m i t e d  by  t h e  n o n - s p e c i f i c  n a t u r e  o f  t h e  m a t e r i a l .
R a d i o a c t i v a t i o n  a n a l y s i s  i s  a  t e c h n iq u e  by  w h ich  many 
e le m e n ts  may be  d e t e c t e d  and  e s t i m a t e d  w i t h  a  g r e a t e r  
s e n s i t i v i t y  t h a n  t h a t  o f  c o n v e n t i o n a l  a n a l y t i c a l  p r o c e d u r e s .  
The e s s e n t i a l  b a s i s  o f  t h e  m ethod i s  t h a t  t h e  e le m e n t  t o  be 
d e te r m in e d  i s  made r a d i o a c t i v e  by  e x p o s in g  t h e  sam ple  t o  
bom bardm ent by  n e u t r o n s  i n s i d e  a  n e u t r o n  r e a c t o r .  The 
r a d i o a c t i v i t y  in d u c e d  i n  t h i s  way h a s  p r o p e r t i e s  w hich  a re  
c h a r a c t e r i s t i c  o f  t h e  e le m e n t  c o n c e rn e d .  A f t e r  s u i t a b l e  
c h e m ic a l  s e p a r a t i o n  o f  t h e  e le m e n t ,  i f  n e c e s s a r y ,  t h e  amount 
o f  t h e  in d u c e d  r a d i o a c t i v i t y ,  t h e  r a t e  o f  i t s  d e ca y  and t h e  
e n e r g y  o f  t h e  a s s o c i a t e d  n u c l e a r  r a d i a t i o n s  c a n  be m easu red  
w i t h o u t  much d i f f i c u l t y  by  i n s t r u m e n t s  s u c h  a s  G e ig e r  and 
S c i n t i l l a t i o n  c o u n t e r s .
When th e  o n ly  s t a b l e  i s o t o p e  o f  a r s e n i c  i s  i r r a d i a t e d
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w i t h  th e r m a l  n e u t r o n s  an u n s t a b l e  i s o t o p e  i s  p ro d u c e d  by- 
n e u t r o n  c a p t u r e .  T h is  u n s t a b l e  i s o t o p e  d e c a y s  w i t h  a  
h a l f - l i f e  o f  2 6 .8  h o u r s ,  w i t h  t h e  e m is s io n  o f  B - p a r t i c l e s  
and  - r a y s .  The a c t i v a t i o n  c r o s s  s e c t i o n  i s  4 . 0  b a r n s  
and t h e  s a t u r a t i o n  a c t i v i t y  f o r  a  p i l e  f l u x  o f  10^2
A O
n e u t r o n s  p e r  s q u a r e  c e n t i m e t r e  p e r  s e c o n d  i s  a b o u t  2 x  10 
d i s i n t e g r a t i o n s  p e r  m in u te  p e r  gram o f  e l e m e n t a l  a r s e n i c .
The r e a c t i o n  i s  r e p r e s e n t e d  b y : -
75 1 76
As + n  ->  As 
55 0 35
The s e n s i t i v i t y  o f  t h e  d e t e r m i n a t i o n  i s  10 7 gm. 
com pared  w i t h  t h e  h i g h e s t  c h e m ic a l  s e n s i t i v i t y  o f  10 '  t o  
10” ® gm.
S u b -m ic ro  c h e m ic a l  s e p a r a t i o n s  sire a v o id e d  a s  i n a c t i v e  
c a r r i e r  a r s e n i c  may be  added  t o  i n c r e a s e  t h e  t o t a l  w e ig h t  o f  
a r s e n i c  p r e s e n t .  I n  a d d i t i o n  ' c a r r i e r s '  may be added  t o  
h o ld  b a c k  o t h e r  a c t i v e  a tom s p r o d u c e d .  The a c c u r a c y  o f  
d e t e r m i n a t i o n  i s  l i m i t e d  o n ly  b y  t h e  s t a t i s t i c a l  e r r o r  o f  
c o u n t i n g .
E x p e r im e n ta l  M ethods
L o n g i t u d i n a l  g ro u n d  s e c t i o n s  o f  25 sound  p e rm a n e n t  
t e e t h  w ere p r e p a r e d  t o  a  t h i c k n e s s  o f  AOOp. Sam ples o f  
t h e s e  t e e t h  c o n t a i n i n g  b o t h  enam el and d e n t i n e ,  and  w e ig h in g  
n o t  more t h a n  10 mg. were t a k e n .
About 3-6  mgm. o f  t h e  t o o t h  sam ple  w ere  w e ighed  and 
s e a l e d  i n t o  a  p o l y th e n e  b a g .  1 o r  2 mgm. o f  a  sam ple  o f  
a r s e n i o u s  o x id e  w ere  a l s o  p r e p a r e d  i n  t h i s  way f o r  u se  as
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a s t a n d a r d .  The w e ig h t s  w ere a c c u r a t e  t o  V lO O  o f  a  
m i l l i g r a m .
The p o l y th e n e  b a g s  c o n t a i n i n g  th e  sam p le s  were p l a c e d  
i n  a  s t a n d a r d  a lu m in iu m  i r r a d i a t i o n  can  and s e n t  t o  a  
s u i t a b l e  a to m ic  p i l e  f o r  i r r a d i a t i o n  b y  low v e l o c i t y  
n e u t r o n s .  The c an  re m a in e d  i n  t h e  p i l e  f o r  24 h o u r s  when 
t h e  a c t i v i t y  g e n e r a t e d  was s u f f i c i e n t  t o  be  u s e d  f o r  
a n a l y s i s .  The s t a n d a r d  sam ple  was rem oved , d i s s o l v e d  i n  
sod ium  h y d r o x id e  s o l u t i o n  and  made up t o  1 l i t r e .  One ml. 
o f  t h i s  s o l u t i o n  was t a k e n  and made up t o  100 m l. One m l. 
o f  t h i s  s o l u t i o n  was t a k e n  a s  t h e  s t a n d a r d .  From t h i s  i t  
was p o s s i b l e  t o  c a l c u l a t e  t h e  c o u n t  r a t e  e x p r e s s e d  a s  
c o u n t s  p e r  m in u te  p e r  mgm. o f  e l e m e n t a l  a r s e n i c .  The m ethod
o f  s e p a r a t i o n  o f  t h e  a r s e n i c  was a  m o d i f i c a t i o n  o f  Thomas
( 7 )and C o l l i e r ' s  G u t z e i t  t e c h n i q u e  and was c a r r i e d  o u t  a s  
f o l l o w s : -
The t o o t h  sam ple  was rem oved from  t h e  b ag  and d i g e s t e d  
i n  a  m ix tu r e  o f  3 m l.  o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and 
5 m l.  o f  c o n c e n t r a t e d  n i t r i c  a c i d  and  h e a t e d  u n t i l  a l l  t h e  
n i t r i c  a c i d  had  b e e n  rem oved . The r e m a in in g  a c i d  w i t h  th e  
a r s e n i c  r e t a i n e d  i n  i t  was w e l l  w ashed i n t o  a  200 m l.  
f l a s k .  A f u r t h e r  2 m l. o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  and 
4  m l.  o f  c o n c e n t r a t e d  h y d r o c h l o r i c  a c i d  w ere a d d e d ,  
t o g e t h e r  w i t h  10 pg . o f  i n a c t i v e  a r s e n i c  a s  a  c a r r i e r ,  
f o l lo w e d  by  5 m l.  o f  a  15% s o l u t i o n  o f  sod ium  i o d i d e  and 
0 . 4  m l. o f  a  40% s o l u t i o n  o f  s ta n n o u s  c h l o r i d e  i n  50% 
h y d r o c h l o r i c  a c i d .  The s o l u t i o n  i n  t h e  f l a s k  was t h e n  
d i l u t e d  t o  a b o u t  150 m l. and t h e  f l a s k  p l a c e d  i n  a  b o i l i n g  
w a te r  b a t h  f o r  5 m in u te s .  Ten grams o f  16 -22  mesh z in c
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p e l l e t s  w ere  added  and t h e  r e a c t i o n  a l lo w e d  t o  c o n t in u e  f o r  
15 m in u te s .  D u rin g  t h i s  r e a c t i o n  th e  a r s e n i c  was e v o lv e d
a s  a r s i n e .  H ydrogen was a l s o  e v o lv e d  an d , t o g e t h e r  w i th
t h e  a r s i n e ,  was p a s s e d  t h r o u g h  a  c o t t o n  wool f i l t e r  
im p r e g n a te d  w i t h  l e a d  a c e t a t e  t o  remove any s m a l l  am ounts 
o f  h y d ro g e n  s u l p h i d e  l i b e r a t e d  from  th e  r e a c t i o n  m ix t u r e .
The a r s e n i c  i n  t h e  fo rm  o f  a r s i n e  was rem oved from  t h e  
h y d ro g e n  by  p a s s i n g  i t  t h r o u g h  a  t r a p  c o n t a i n i n g  1 m l. o f  
a  1 . 6% s o l u t i o n  o f  m e r c u r ic  c h l o r i d e .  F iv e  m l. o f  a
0 .0 0 1  N i o d i n e  s o l u t i o n  i n  40% sodium  i o d i d e  w ere  t h e n  added 
t o  t h e  m e r c u r ic  c h l o r i d e  t o  c o m p le te  t h e  s o l u t i o n  o f  any 
s o l i d s  fo rm e d .  The s o l u t i o n  was t h e n  made up t o  a  s t a n d a r d  
volum e and t h e  a c t i v i t y  e s t i m a t e d  u s i n g  a  G e ig e r  M ftlle r  
c o u n t e r .  T h is  was com pared  w i th  t h e  s t a n d a r d  sam ple  and 
t h e  a r s e n i c  c o n t e n t  so o b t a i n e d .  As t h e  p r e s e n c e  o f  
a n tim o n y  c o u ld  be a  p o s s i b l e  s o u r c e  o f  e r r o r  i n  t h e  d e t e r ­
m i n a t i o n ,  d e c a y  c u r v e s  w ere  p r e p a r e d  from  t h e  sa m p le s  o f  
a r s e n i c  s e p a r a t e d  from  t h e  t e e t h .  T hese  c u r v e s  showed 
o n l y  t h e  p r e s e n c e  o f  ^®As.
R e s u l t s
The r e s u l t s  o f  t h e  a n a l y s i s  o f  25 sound  p e rm a n e n t  
t e e t h  showed t h e  a r s e n i c  c o n t e n t  o f  n o rm al t e e t h  t o  l i e  
w i t h i n  t h e  r a n g e  o f  0 .0 3 1  -  0 .1 4 5  ppm. g i v i n g  a  mean v a lu e  
o f  a r s e n i c  f o r  sound  human t e e t h  o f  0 .0 6 0  ppm.
Summary
The a c t i v a t i o n  a n a l y s i s  m ethod d e s c r i b e d  i s  a  q u ic k  
and  a c c u r a t e  t e c h n iq u e  f o r  t h e  e s t i m a t i o n  o f  a r s e n i c  i n  
b i o l o g i c a l  m a t e r i a l s .  A f t e r  n i t r i c / s u l p h u r i c  a c i d
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d i g e s t i o n  o f  t h e  a c t i v a t e d  sam ple  t h e  G u t z e i t  s e p a r a t i o n  
i s  u s e d  i n  c o n j u n c t i o n  w i t h  an e s t i m a t i o n  u s i n g  a  G e ig e r  
t u b e  a c c e p t i n g  l i q u i d  s a m p le s .  The m ethod h a s  t h e  
a d v a n ta g e  t h a t  v e r y  s m a l l  s a m p le s  c an  be t e s t e d  w i th o u t  
d i f f i c u l t y .  U s in g  t h i s  m ethod , t h e  a r s e n i c  c o n t e n t  o f  
25 t e e t h  was e s t i m a t e d  and  a  mean v a l u e  o f  0 .0 6 0  ppm. 
o b t a i n e d .
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ZINC PHOSPHATE CEMENT
Z in c  p h o s p h a te  cem ent i s  one o f  t h e  m ost w id e ly  u se d  
m a t e r i a l s  i n  c o n s e r v a t i v e  d e n t i s t r y .  P a f f e n b a r g e r ,
Sw eeney , and  Schoube (1 9 5 5 )  e s t i m a t e d  t h a t  i t  i s  u se d  i n  
4 0 -6 0  p e r  c e n t  o f  a l l  c o n s e r v a t i v e  r e s t o r a t i o n s .  I t  i s  
u s e d  t o  p r o t e c t  t h e  p u lp  from  th e r m a l  sh o ck  o r  a s  a  l u t i n g  
medium f o r  c row ns and i n l a y s .
The e f f e c t  o f  z in c  p h o s p h a te  cem en t on t h e  d e n t a l  
t i s s u e s ,  p a r t i c u l a r l y  t h e  d e n t a l  p u l p ,  h a s  g iv e n  r i s e  t o  
d i s c u s s i o n  and  c o n f u s i o n  i n  t h e  p a s t .  Much o f  t h i s  con ­
f u s i o n  h a s  a r i s e n  o v e r  d i f f e r e n c e s  b e tw e e n  m a n u f a c t u r e r s '  
c l a im s  f o r  z in c  p h o s p h a te  c e m e n ts  and  t h e  c l i n i c a l  r e s u l t s  
o b t a i n e d  b y  t h e i r  u s e .  M a t e r i a l s  c la im e d  a s  " h a r m le s s  t o  
t h e  p u lp "  and  " n o n - i r r i t a t i n g  and g e r m i c i d a l "  o f t e n  p ro d u c e d  
a  w ide r a n g e  o f  c l i n i c a l  c o n d i t i o n s  from  a  m ild  in f la m m a to ry  
p r o c e s s  t o  c o m p le te  d e a t h  o f  t h e  p u l p .
M anley (1 9 4 3 )  and  o t h e r s ,  n o t a b l y  G u r le y  and Van Huysen 
( 1 9 3 7 ) ,  S c h r o f f  ( 1 9 4 6 ) ,  and  Z ander and  P e jk o  ( 1 9 4 7 ) ,  demon­
s t r a t e d  by  h i s t o p a t h o l o g i c a l  m ethods t h a t  s e r i o u s  p u lp  
damage o c c u r r e d  a f t e r  t h e  u se  o f  t h e s e  c e m e n ts .  I t  was 
g e n e r a l l y  a g re e d  t h a t  t h e  m ain  c a u s a t i v e  f a c t o r  was t h e  
a c i d i t y  o f  t h e  cem ent i n  t h e  p l a s t i c  s t a t e  a t  t h e  t im e  o f  
i n s e r t i o n  i n t o  t h e  t o o t h  c a v i t y .
The p r e c i s e  m echanism  o f  th e  s e t t i n g  o f  t h e s e  cem en ts  
and  t h e i r  b e h a v io u r  i s  n o t  y e t  f u l l y  u n d e r s to o d  and  t h e  a u th o r  
f e l t  t h a t  t h e  s u b j e c t  J u s t i f i e d  f u r t h e r  i n v e s t i g a t i o n .
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C o m p o s i t io n  o f  Z inc  P h o s p h a te  Cement
T h ere  a r e  many c o m m erc ia l  z in c  p h o s p h a te  c e m e n ts ,  t h e  
c o m p o s i t i o n s  o f  w h ic h  r e m a in  m a n u f a c t u r e r s '  s e c r e t s .  The 
c h i e f  d i f f e r e n c e  i n  t h e s e  c e m e n ts  i s  i n  t h e  c h e m ic a l  com­
p o s i t i o n  o f  t h e  p o w d e r .  Most cem ent pow ders  c o n s i s t  m a in ly  
o f  z in c  o x id e  t o  w h ich  m agnesium  i s  added  i n  v a r i o u s  r a t i o s ,  
t h e s e  r a t i o s  b e i n g  a p p r o x im a te ly  9 p a r t s  z in c  o x id e  t o  1 
p a r t  m agnesium  o x i d e .  O th e r  i n g r e d i e n t s  s u c h  a s  s i l i c a ,  
r u b id iu m  t r i o x i d e ,  and b i s m u th  t r i o x i d e  a r e  added  t o  im prove 
t h e  p h y s i c a l  p r o p e r t i e s  o f  t h e  c em en t ,  t o  m o d ify  i t s  c o l o u r ,  
and  t o  i n c r e a s e  th e  sm o o th n e ss  w h i l e  m ix in g  (Ward and 
McCormick, 1915)* The a r s e n i c  c o n t e n t  i s  v e r y  s m a l l ,  
u s u a l l y  b e in g  l e s s  t h a n  0.0002  p e r  c e n t .
The l i q u i d s  a r e  composed m a in ly  o f  p h o s p h o r ic  a c i d ,  t o  
w h ich  a r e  ad d ed  s o l u t i o n s  o f  a lum in ium  p h o s p h a te  a n d ,  i n  
some c a s e s ,  o f  z in c  p h o s p h a t e .  T hese  m e t a l l i c  s a l t s  a r e  
ad d ed  t o  t h e  l i q u i d  t o  r e d u c e  t h e  a c i d i t y  and t o  c o n t r o l  t h e  
r a t e  o f  t h e  s e t t i n g  r e a c t i o n .  The a v e ra g e  w a t e r - c o n t e n t  o f  
t h e  l i q u i d  i s  33 -  5 p e r  c e n t  and i s  a  c r i t i c a l  f a c t o r  i n  
t h e  r a t e  o f  t h e  l i q u i d - p o w d e r  r e a c t i o n .  When e x p o se d  t o  
t h e  a i r ,  t h e s e  l i q u i d s  t a k e  up o r  g iv e  o f f  w a t e r ,  d e p e n d in g  
on t h e  a tm o s p h e r ic  h u m id i ty .
S e t t i n g  R e a c t i o n  o f  Z inc  P h o s p h a te  Cement
When t h e  powder and  l i q u i d  o f  z in c  p h o s p h a te  cem en ts  
a r e  m ixed  t o g e t h e r ,  a  p l a s t i c  mass i s  fo rm ed  w h ic h ,  a f t e r  a  
p e r i o d  o f  4-8  m in u t e s ,  l o s e s  i t s  p l a s t i c i t y  and  becom es h a r d .
The s e t t i n g  r e a c t i o n  w h ich  t a k e s  p l a c e  b e tw ee n  th e  
pow der and  t h e  l i q u i d  i s  v e r y  com p lex , and c o m p le te  a g re em e n t
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h a s  n o t  b e e n  r e a c h e d  on t h e  p h y s i c o - c h e m ic a l  r e a c t i o n s  w hich  
t a k e  p l a c e .  I t  i s  m ost i m p o r t a n t  t o  c o n s i d e r  t h i s  p o i n t  
f u l l y ,  a s  i t  i s  upon t h e  f i n a l  p r o d u c t s  o f  t h e  r e a c t i o n  
t h a t  t h e  a c i d i t y  o f  t h e  cem ent d e p e n d s .
I d e a l l y ,  t h e  f i n a l  compound b e tw e e n  p h o s p h o r i c  a c i d  
and  z in c  o x id e  i s  t h e  f o r m a t io n  o f  t e r t i a r y  z in c  p h o s p h a te ,  
Zn^CPO^^^B^O, w h ich  i s  a  r e l a t i v e l y  i n s o l u b l e  compound.
I n  su c h  a  compound t h e r e  i s  no u n u sed  p h o s p h o r ic  a c i d  and 
no w a t e r .
C h e m is t ry  o f  t h e  S e t t i n g  R e a c t i o n
One o f  t h e  m ost i m p o r t a n t  f a c t o r s  w h ich  m ust be  co n ­
s i d e r e d  i s  t h e  " r o u t e "  by  w h ich  t h e  cem ent p a s s e s  f ro m  i t s  
o r i g i n a l  s t a t e ,  3ZnO + 2H^P0^ + XH^O, t o  i t s  f i n a l  s t a t e ,  
Z n ^ P O ^ ^ E ^ O  ( t e r t i a r y  z in c  p h o s p h a t e ) .
Two s u c h  r o u t e s  may be e n v i s a g e d : -
1 . As z in c  fo rm s o n ly  p r im a r y  and t e r t i a r y  p h o s p h a t e s ,  
s o l u b l e  p r im a r y  z in c  p h o s p h a t e ,  Z ^ I ^ P O ^ ) ^ ,  may be  fo rm ed
a n d ,  a t  a  l a t e r  s t a g e ,  t e r t i a r y  z in c  p h o s p h a te ,
Z n ^ P O ^ ^ H ^ O ,  c r y s t a l l i z e s  o u t  from  t h i s  s o l u t i o n .  T h is  
may o c c u r  a f t e r  t h e  cem ent h a s  b e e n  p l a c e d  i n t o  t h e  t o o t h  
c a v i t y .
2 .  The p h o s p h o r ic  a c i d  c o n v e r t s  t h e  z in c  o x i d e ,  ZnO, 
t o  t e r t i a r y  z in c  p h o s p h a t e ,  Z n^PO ^^^-H ^O , d i r e c t l y  and 
i n  s i t u .
The a c t u a l  " r o u t e "  p r o b a b l y  l i e s  b e tw ee n  t h e s e  two 
r e a c t i o n s  and  i s  d e p e n d e n t  upon th e  p r e c i s e  c o n d i t i o n s  w hich  
a r e  p r e s e n t  a t  t h e  t im e  o f  m ix in g .  These a r e s
( a )  P r o p o r t i o n s  o f  l i q u i d  and  powder u s e d ;  (b )  Speed o f
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m ix in g  pow der and  l i q u i d ;  ( c )  T em p era tu re  o f  m ix in g  and 
t h e  p r e s e n c e  o f  a d d i t i o n a l  m a t e r i a l  i n  t h e  powder and l i q u i d  
w h ic h  may a f f e c t  t h e  r a t e  o f  c r y s t a l l i z a t i o n  o f  t h e  f i n a l  
p r o d u c t .
When z in c  p h o s p h a te  cem ent i s  u s e d  c l i n i c a l l y  i t  must 
be  i n  a  p l a s t i c  s t a t e  i r r e s p e c t i v e  o f  t h e  " r o u t e "  by  w h ich  
t h e  f i n a l  compound i s  r e a c h e d .  I n  t h i s  p l a s t i c  s t a t e  
e i t h e r  p r im a r y  z in c  p h o s p h a te  o r  p h o s p h o r ic  a c i d  o r  b o t h  a r e  
p r e s e n t  when t h e  cem ent i s  p l a c e d  i n  d i r e c t  c o n t a c t  w i th  
t h e  d e n t a l  t i s s u e s .
I t  i s  i m p o r t a n t  t o  em p h as ize  t h e  p r e s e n c e  o f  f r e e  a c i d  
l i q u i d s  th r o u g h o u t  t h e  s e t t i n g  p r o c e s s .
C o n s i d e r a t i o n  o f  pH V alue  o f  t h e  Mixed Cement
The g ra p h  ( F i g .  1 ) ,  w h ich  i s  q u a l i t a t i v e l y  c o r r e c t ,  
shows how t h e  pH v a lu e  w ould  v a r y  i f  z in c  o x id e  was added  
t o  p h o s p h o r i c  a c i d  and  no p r e c i p i t a t i o n  o f  Zn^PO^J^-HgO 
assum ed .
I f  " r o u t e "  1 i s  f o l lo w e d ,  and p r im a r y  and t e r t i a r y  
p h o s p h a te  fo rm e d ,  t h e  pH w ould  be  r a i s e d  to w a rd s  a  v a lu e  
w h ic h  w ould  n o t  be h a rm fu l  t o  t h e  d e n t a l  t i s s u e s .
"R ou te"  2 ,  on t h e  o t h e r  h a n d ,  i m p l i e s  t h a t ,  a s  lo n g  as 
t h e  cem ent r e m a in s  i n  a  p l a s t i c  s t a t e ,  i . e . ,  i n c o m p l e t e l y  
s e t ,  some unch an ged  a c i d  i s  p r e s e n t  and low pH v a l u e s  would  
e x i s t .  I n  an  a t t e m p t  t o  r e d u c e  t h i s  a c i d i t y  m a n u f a c tu r e r s  
h av e  r e p l a c e d  t h e  p u r e  p h o s p h o r ic  a c i d  o f  t h e  l i q u i d  by  
a c i d  i n  w h ich  some z in c  o x id e  h a s  a l r e a d y  b e e n  d i s s o l v e d .  
B ecau se  o f  t h e  sh ap e  o f  t h e  pH c u rv e  ( F i g .  1) t h i s  w i l l  n o t
F ig .  1
2 3
Z I N C  OX I D E  A D D E D
Graph showing v a r i a t io n  o f  pH v a lu e  on add ing  z in c  
ox ide  t o  p h o sp h o ric  a c id .  No p r e c i p i t a t i o n  o f 
t e r t i a r y  z in c  p hosphate  i s  assum ed.
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e f f e c t i v e l y  r a i s e  t h e  pH v a l u e ,  b u t  w i l l  r e d u c e  t h e  a c i d i t y  
i n  i s o l a t e d  p a r t s  o f  t h e  m ix .
M easurem ent o f  t h e  pH V alue  o f  t h e  Mixed Cement
Many i n v e s t i g a t i o n s  have  b e e n  u n d e r t a k e n  t o  m easu re  
t h e  a c i d i t y  o f  m ixed p h o s p h a te  c e m e n ts .
E b e r l y  (1934-) made one o f  t h e  e a r l i e s t  d e t e r m i n a t i o n s  
and  c o n c lu d e d  t h a t  t h e  r e a c t i o n  was c o m p le te d  i n  15 m in u te s .  
O th e r  d e t e r m i n a t i o n s  w ere  c a r r i e d  o u t  by  M atthew s (1934-), 
P a f f e n b a r g e r , S c h o o n o v e r ,  and  S o u d er  (19 38 )?  and Worner 
(194-0).
I t  was a g r e e d  by t h e s e  o b s e r v e r s  t h a t  t h e  cem ent was 
a c i d  when s e t  and  t h a t  a  pH o f  3 . 8 - 6 . 0  may be e x p e c te d .  
W orner s t a t e d  t h a t  " z in c  p h o s p h a te  cem en ts  a r e  n o t  l i k e l y  t o  
be  i r r i t a n t  to  t h e  p u l p  b e c a u s e  t h e y  a r e  p r a c t i c a l l y  n e u t r a l  
when f u l l y  s e t " .  I n  many o f  t h e s e  i n v e s t i g a t i o n s ,  ho w ever, 
t h e  f i r s t  pH m easu rem en t was r e c o r d e d  some 15-20  m in u te s  
a f t e r  m ix in g  t h e  c e m e n t ,  when t h e  m ass was c e r t a i n l y  much 
l e s s  a c i d  t h a n  im m e d ia te ly  a f t e r  m ix in g .  The h a rm fu l  
e f f e c t s  on  t h e  p u l p ,  c l e a r l y  d e m o n s t r a te d  h i s t o l o g i c a l l y  by 
M anley and  o t h e r s ,  w e re ,  t h e r e f o r e ,  a t t r i b u t e d  t o  a c i d  p e n e ­
t r a t i o n  w h i l s t  i n  t h e  p l a s t i c  s t a t e .
I n  t h e  m ost c o m p le te  i n v e s t i g a t i o n  i n t o  t h e  a c i d i t y  o f  
t h e  z in c  p h o s p h a te  c e m e n ts ,  H a rv ey , Le B ro c q ,  and Eakow ski 
( 1944) r e p e a t e d  many o f  t h e s e  p r e v i o u s  e x p e r im e n ts  and 
showed t h a t ,  by  m e a su r in g  t h e  pH o f  d i l u t e  e x t r a c t s  o f  w a te r  
i n  c o n t a c t  w i th  t h e  s e t  a e m e n t ,  a  d i l u t i o n  e r r o r  was i n t r o ­
d u c e d .  They p o i n t  o u t  t h a t  t h i s  e r r o r  c a u s e d  t h e  cem ent t o  
a p p e a r  much l e s s  a c i d  t h a n  t h e  t r u e  v a lu e  a t  t h e  t im e  o f  i t s
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i n s e r t i o n  i n t o  t h e  t o o t h  c a v i t y  w h i le  i n  t h e  p l a s t i c  s t a t e .  
They f u r t h e r  showed t h a t ,  i n  t h e  l a t e r  s t a g e s  o f  s e t t i n g ,  
t e r t i a r y  z in c  p h o s p h a te  may he fo rm ed , g i v in g  a  more 
a l k a l i n e  pH v a l u e .
S in c e  t h e  a c i d i t y  o f  t h e  cem ent d e c r e a s e s  a s  i t  s e t s ,  
i t  i s  m ost i m p o r t a n t  t o  m easu re  t h e  pH o f  cem ent a t  t h e  
t im e  o f  i t s  i n s e r t i o n  i n t o  t h e  t o o t h  c a v i t y ,  when damage t o  
t h e  d e n t a l  p u lp  i s  m ost p r o b a b l e .  By m aking d i r e c t  m ea su re ­
m en ts  on t h e  p l a s t i c  and  s e t  c e m e n t ,  H arvey  and o t h e r s  
fo u n d  t h a t  pH v a l u e s  o f  1 . 5 - 1 *6 c o u ld  be fo u n d  im m e d ia te ly  
a f t e r  m ix in g ,  i r r e s p e c t i v e  o f  t h e  p r o p o r t i o n s  o f  powder and 
l i q u i d  u s e d .  They a l s o  fo u n d  t h a t  t h e  cem ent r e m a in e d  a c i d ,  
g i v i n g  pH v a l u e s  up t o  4-.8 , ev en  a f t e r  b e in g  f u l l y  s e t ,  i n  
c o n t r a d i c t i o n  o f  W o rn e r 's  s t a t e m e n t  t h a t  t h e y  became 
" p r a c t i c a l l y  n e u t r a l " .
The i n v e s t i g a t i o n s  by  H arvey  and h i s  a s s o c i a t e s  were 
e x t e n s i v e ,  b u t  t h e y  o m i t t e d  to  c o n s i d e r  th e  im p o r ta n c e  o f  
t h e  t im e  i n t e r v a l  b e tw e e n  m ix in g  t h e  cem ent and p l a c i n g  th e  
p l a s t i c  cem ent i n  t h e  t o o t h  c a v i t y .
D e t e r m in a t io n  o f  t h e  S u r f a c e  A c i d i t y  o f  t h e  Z inc  P h o s p h a te  
Cem ents
O rg a n ic  i n d i c a t o r s  were u s e d  i n  t h e  p r e s e n t  i n v e s t i g a ­
t i o n  t o  d e te rm in e  t h e  s u r f a c e  a c i d i t y  o f  t h e  cem ent i n  th e  
p l a s t i c  s t a t e ,  and a l s o  a f t e r  t h e  s e t t i n g  r e a c t i o n  was 
c o m p l e t e .
S o l u t i o n s  o f  o r g a n ic  i n d i c a t o r s  -  th ym ol b l u e  and  m e th y l  
v i o l e t  -  w ere  f i r s t  a p p l i e d  t o  t h e  s u r f a c e  o f  th e  cem ent a t  
i n t e r v a l s  o f  one m in u te  a f t e r  m ix in g .  W ith  t h e s e  i n d i c a t o r s  
a  pH v a lu e  o f  2 . 8 - 3 . 0  was o b t a i n e d  f o r  t h e  cem ent w h i le  s t i l l
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i n  t h e  p l a s t i c  s t a t e  i r r e s p e c t i v e  o f  t h e  t im e  a f t e r  m ix .
The d i f f i c u l t y  o f  t h i s  m ethod , how ev er ,  was t h a t  t h e  r e s i d u a l  
l i q u i d  o f  t h e  m ixed cem ent was d i l u t e d  w i t h  r e l a t i v e l y  l a r g e  
v o lu m es  o f  t h e  i n d i c a t o r  s o l v e n t .  I n  o r d e r  t o  a v o id  t h i s  
d i l u t i o n  o f  t h e  r e s i d u a l  l i q u i d ,  t h e  o r g a n ic  i n d i c a t o r  
pow der was i n c o r p o r a t e d  i n  u n t i n t e d  cem ent pow der. I t  was 
fo u n d  t h a t  t h e  b e s t  way t o  a c h ie v e  a  u n i fo rm  d i s t r i b u t i o n  
o f  t h e  i n d i c a t o r  t h r o u g h  th e  cem ent powder was t o  p r e p a r e  
an  a l c o h o l i c  s o l u t i o n  o f  t h e  i n d i c a t o r  and i n c o r p o r a t e  t h i s  
t h r o u g h  t h e  cem ent p o w d er . The p a s t e  t h u s  fo rm ed  was 
d r i e d ,  r e g r o u n d ,  and  t h e n  m ixed w i th  t h e  cem ent l i q u i d  
a c c o r d i n g  t o  t h e  s t a n d a r d i z e d  p r o c e d u r e .
A f t e r  m ix in g  t h e  cem ent l i q u i d  w i t h  t h e  cem ent powder 
c o n t a i n i n g  t h e  i n d i c a t o r ,  a  m ag en ta  c o l o u r ,  w h ich  r e p r e s e n t e d  
a  pH o f  1 . 6 ,  was o b t a i n e d .  T h is  c o lo u r  p e r s i s t e d  even  
a f t e r  t h e  cem ent had  c o m p le t e ly  s e t .  A s i m i l a r  c o lo u r  was 
o b t a i n e d  i r r e s p e c t i v e  o f  t h e  p r o p o r t i o n s  o f  powder and 
l i q u i d  u s e d .  T hese  r e s u l t s  a g re e d  w i t h  t h o s e  o f  H arvey  
u s i n g  t h e  same i n d i c a t o r s .
T e s t - p a p e r s  im p re g n a te d  w i t h  o r g a n ic  i n d i c a t o r s  were 
u s e d  t o  m easu re  t h e  s u r f a c e  a c i d i t y  o f  t h e  cem ent im m e d ia te ly  
a f t e r  m ix in g  and u n t i l  t h e  cem ent had  c o m p le te ly  s e t .  The 
c o l o u r  o b t a i n e d  was com pared  a g a i n s t  a  known s t a n d a r d  pH 
c o l o u r .  The f o l lo w in g  o r g a n ic  d yes  were u s e d : -
Thymol b lu e  pH r a n g e  1 . 2 - 2 .8  
M ethy l o ra n g e  ” 11 2 .9 -4 - .0
Oongo r e d  " ” 3 *0- 5 .0
These  p a p e r s  were m o is te n e d  w i t h  d i s t i l l e d  w a te r  and
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a p p l i e d  t o  t h e  s u r f a c e  o f  t h e  p l a s t i c  cem ent a t  i n t e r v a l s  
o f  one m in u te  a f t e r  m ix in g  u n t i l  t h e  s e t t i n g  r e a c t i o n  was 
c o m p le te .  The r e s u l t s  o b t a i n e d  by  t h i s  m ethod showed a  pH 
v a lu e  o f  1 . 5- 1 .9  o f  t h e  cem ent a t  t h e  t im e  o f  m ix in g ,  
i r r e s p e c t i v e  o f  th e  c o n s i s t e n c y .  As i t  was d i f f i c u l t  t o  
com pare  f i n e  c h a n g e s  o f  c o l o u r  u s in g  t h e s e  p a p e r s ,  t h e  method
was n o t  c o n s i d e r e d  a c c u r a t e  t o  d e te r m in e  i n t e r m e d i a t e  v a r i a ­
t i o n s  i n  t h e  pH as  t h e  cem en t s e t .
The r e s u l t s  o f  t h e s e  e x p e r im e n t s  show t h a t  pH v a lu e s  
l e s s  t h a n  2 .0  may be  o b t a i n e d  w h i le  t h e  cem ent i s  i n  t h e  
p l a s t i c  s t a t e  im m e d ia te ly  a f t e r  m ix in g .  The cem ent becomes 
l e s s  a c i d  when s e t ,  w i t h  pH v a l u e s  o f  4 . 8  b e in g  r e a c h e d .  
I r r e s p e c t i v e  o f  t h e  t im e  a f t e r  s e t t i n g ,  t h e  cem ent a lw ay s
r e m a in s  a c i d  and n e u t r a l i t y  i s  n e v e r  a c h ie v e d .
I t  was n o t  p o s s i b l e ,  ho w ev er ,  t o  d e m o n s t r a te  b y  any o f  
t h e  c o l o r i m e t r i c  m ethods d e s c r i b e d  above c h an g e s  i n  a c i d i t y  
w h ic h  may t a k e  p l a c e  w i t h i n  t h e  cem ent d u r in g  s e t t i n g .
I t  was now e s t a b l i s h e d  t h a t  th e  cem ent mix i s  a c i d  a t  
a l l  t i m e s ,  b u t  a c c u r a t e  q u a n t i t a t i v e  a s s e s s m e n t  o f  t h i s  
a c i d i t y  was n o t  p o s s i b l e .  P r e v io u s  r e s e a r c h  work s t r o n g l y  
s u p p o r t s  t h e  v iew  t h a t  a c i d  p r o d u c t s  do p e n e t r a t e  d e n t i n e ,  
b u t  t h i s  p r o c e s s  h a s  n o t  y e t  b e e n  s a t i s f a c t o r i l y  d e m o n s t r a te d .  
I n  r e c e n t  y e a r s ,  t h e  t r a c i n g  o f  s u b s ta n c e s  w i t h i n  t h e  t i s s u e s  
o f  t h e  body  h a s  become a r o u t i n e  p r o c e d u r e  by t h e  u se  o f  
r a d i o c h e m i c a l  m e th o d s .  E s s e n t i a l l y  t h e s e  m ethods i n v o lv e  
t h e  r e p l a c e m e n t  o f  p a r t  o f  t h e  no rm al compound w i t h  i t s  
r a d i o - a c t i v e  a n a lo g u e .  A p p ly in g  t h i s  m ethod to  t h e  p r e s e n t  
s t u d y  t h e  n o rm al p h o s p h o r i c  a c i d  o f  t h e  cem ent l i q u i d  was 
" l a b e l l e d "  w i t h  r a d i o - a c t i v e  p h o s p h o r ic  a c i d  and t h e
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s u b s e q u e n t  movement o f  t h e  r a d i o - a c t i v e  p h o s p h o ru s  i o n  was 
t r a c e d  th r o u g h o u t  t h e  d e n t a l  t i s s u e s ,  u s i n g  a u t o r a d i o ­
g r a p h i c  t e c h n i q u e s .  The z in c  p h o s p h a te  s a l t s  fo rm ed  by  
t h e  c h e m ic a l  r e a c t i o n  b e tw e e n  th e  cem ent l i q u i d  and th e  
cem en t pow der w ere  a l s o  " l a b e l l e d "  w i t h  r a d i o - a c t i v e  
p h o s p h o r u s .
I n  o r d e r  t o  s t a n d a r d i z e  t h e  c o n s i s t e n c i e s  o f  t h e  cem ent 
w i t h i n  t h e  r a n g e  o f  c l i n i c a l  u se  t h r e e  s t a n d a r d i z e d  con ­
s i s t e n c i e s  w ere  a d o p te d ,  v i z . ,  t h i n ,  medium, and  t h i c k .  
E x p e r im e n ts  w ere  c a r r i e d  o u t  on dogs and on humans t o  d e t e r ­
m ine t h e  e f f e c t  o f  e a c h  o f  t h e s e  c o n s i s t e n c i e s  o f  cem ent 
on t h e  d e n t a l  p u lp  and a l s o  t o  d e te r m in e  t h e  p e n e t r a t i o n  o f  
a c i d  t h r o u g h  d e n t i n e .  The e f f e c t  o f  c a lc iu m  h y d ro x id e  i n  
p r e v e n t i n g  t h i s  a c i d  p e n e t r a t i o n  and i n  r e d u c i n g  any  h a rm fu l  
e f f e c t s  on th e  p u lp  was a l s o  exam in ed .
The r e s u l t s  o f  t h e s e  s t u d i e s  w i t h  r a d i o - a c t i v e  t r a c e r s  
showed c o n c l u s i v e l y  t h a t  t h e  a c i d  p r o d u c t s ,  p h o s p h o r i c  a c i d  
and  p r im a r y  a c i d  p h o s p h a t e ,  p r e s e n t  d u r in g  t h e  s e t t i n g  o f  
t h e  c e m e n t , p e n e t r a t e  to w a rd s  th e  p u lp  a lo n g  t h e  d e n t i n a l  
t u b u l e s  c u t  d u r i n g  c a v i t y  p r e p a r a t i o n .  The d e p th  o f  t h i s  
a c i d  p e n e t r a t i o n  i s  g r e a t e s t  w i t h  t h i n  c o n s i s t e n c i e s  i n ­
s e r t e d  i n t o  t h e  c a v i t y  im m e d ia te ly  a f t e r  m ix in g .  T h is  
d e p th  becom es r e d u c e d  a s  t h e  p o w d e r - l i q u i d  r a t i o  i s  
i n c r e a s e d ,  v i z . ,  a s  th e  c o n s i s t e n c y  becom es t h i c k e r ,  and 
a l s o  a s  t h e  t im e  o f  i n s e r t i n g  th e  cem ent a f t e r  m ix in g  i n t o  
t h e  c a v i t y  i s  i n c r e a s e d .  Where p r o t o p la s m i c  p o i s o n s ,  su c h  
a s  a l c o h o l  o r  p h e n o l ,  w ere  a p p l i e d  t o  d e n t i n e  t h e  a c i d  
p e n e t r a t i o n  was much g r e a t e r .
C om parison  o f  t h e  d e g re e  o f  i r r i t a t i o n  p ro d u c e d  i n  t h e
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p u lp  by  d i f f e r i n g  c o n s i s t e n c i e s  o f  cem ent showed a  s i m i l a r  
r e s u l t  t o  t h a t  o b t a i n e d  w i t h  t h e  a c i d  p e n e t r a t i o n .  T h is  
r e a c t i o n  i s  f i r s t  s e e n  i n  t h e  o d o n t o b l a s t  l a y e r ,  w h ic h ,  
w i t h  t h e  t h i n  c o n s i s t e n c y  o f  c em en t ,  showed a s e v e r e  
d i s t u r b a n c e ,  and  i n  some c a s e s  even  i n t r a p u l p a l  haem orrhage  
( F i g .  2 ) .  W ith  medium and  t h i c k  c o n s i s t e n c i e s  t h e  e f f e c t s  
w ere  m o s t ly  c o n f i n e d  t o  t h e  o d o n t o b l a s t  l a y e r ,  b u t  no 
g e n e r a l i z e d  d i s t u r b a n c e  was o b s e r v e d .  I n  a l l  c a s e s ,  
i r r e s p e c t i v e  o f  t h e  c o n s i s t e n c y  o f  cem ent u s e d ,  t h e  r e a c t i o n  
o f  t h e  p u lp  became much more m arked as  t h e  d e n t i n e  r e m a in ­
i n g  b e tw e e n  t h e  c a v i t y  and  t h e  p u lp  was r e d u c e d  i n  t h i c k n e s s .
The r e s u l t s  o f  a l l  e x p e r im e n ts  c o n f i r m  t h e  c l i n i c a l  
u se  o f  t h e  t h i c k e s t  p o s s i b l e  mix o f  cem ent t o  r e d u c e  p u lp  
r e a c t i o n  t o  a  minimum.
O th e r  experim ents u s i n g  c a lc iu m  h y d ro x id e  showed t h a t  
w here  t h i s  m a t e r i a l  i s  p l a c e d  b e tw ee n  v i t a l  d e n t i n e  and 
z in c  p h o s p h a te  i t  c o m p le t e ly  p r e v e n t s  t h e  p e n e t r a t i o n  o f  
a c i d  th r o u g h  d e n t i n e  and  a l s o  e l i m i n a t e s  i t s  h a rm fu l  e f f e c t s  
on t h e  d e n t a l  p u l p .
I n  v iew  o f  t h e s e  r e s u l t s ,  i t  i s  recommended t h a t ,  where 
l a r g e  num bers o f  f r e s h  d e n t i n a l  t u b u l e s  a re  opened  d u r in g  
c a v i t y  p r e p a r a t i o n ,  e s p e c i a l l y  i n  young t e e t h ,  c a lc iu m  
h y d r o x id e  p a s t e  s h o u ld  be p l a c e d  b e lo w  a  z in c  p h o s p h a te  
cem ent l i n i n g .
A cknow ledgem ent. -  I  w ish  t o  th a n k  Dr. James I r e l a n d ,  
U n i v e r s i t y  o f  Glasgow D e n ta l  S c h o o l ,  f o r  h i s  a s s i s t a n c e  and 
h e l p f u l  c r i t i c i s m .
F ig .  2 -  Photom icrograph of the  r e a c t io n  of a to o th  pulp  
to  a th in  co n sis ten cy  of zinc phosphate cement a f t e r  a 
p e rio d  of hO m in u te s . There has been a g re a te r  d is tu rb an ce  
o f th e  odo n to b last la y e r  and an a rea  of haemorrhage may be 
seen . Many o d o n to b las t n u c le i can be seen w ith in  the  
d e n tin a l tu b u le s ,  (x 128).
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ESTIMATION OF COPPER IN HUMAN ENAMEL 
BY ACTIVATION ANALYSIS
The t r a c e  e le m e n t  c o p p e r  i s  n o r m a l ly  p r e s e n t  a s  a  c o n -
( 1 )s t i t u e n t  o f  human t i s s u e ,  i n c l u d i n g  t o o t h  e n am e l.  y The
amount o f  c o p p e r  h a s  b e e n  p r e v i o u s l y  e s t i m a t e d  u s i n g  c o n -
. ( 2 )v e n t i o n a l  c h e m ic a l  o r  s p e c t r o g r a p h i c  m ethods o f  a n a l y s i s .
I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  p r e s e n c e  o f  h i g h  c o n c e n t r a ­
t i o n s  o f  t h i s  e le m e n t  may p ro d u c e  a  r e s i s t a n c e  t o  d e n t a l
( 3 )  c a r i e s . w
The a d v a n ta g e s  o f  t h e  m ethod  o f  a c t i v a t i o n  a n a l y s i s  
o v e r  t h e  c o n v e n t i o n a l  m etho ds  o f  a n a l y s i s  have  b e en  d e s ­
c r i b e d  i n  a p r e v i o u s  p a p e r . O n e  o f  i t s  g r e a t  a d v a n ta g e s  
i s  t h a t  p o o le d  sa m p le s  n e e d  n o t  be  u s e d  and more t h a n  one 
sam p le  c a n  be  o b t a i n e d  from  i n d i v i d u a l  t e e t h .
63Copper c o n s i s t s  o f  a  m ix tu r e  o f  two i s o t o p e s ,  Cu and
^ C u ,  w h ic h  on i r r a d i a t i o n  by  t h e r m a l  n e u t r o n s  g iv e  t h e
r a d i o a c t i v e  i s o t o p e s  ^ C u  and  ^ C u .  The m ost s u i t a b l e
i s o t o p e  i s  ^^"Cu w h ich  h a s  a  h a l f  l i f e  o f  12 .8  h o u r s ,  a l l o w in g
66
a  w o rk in g  p e r i o d  o f  a b o u t  36 h o u r s .  The h a l f  l i f e  o f  Cu 
i s  o n ly  5»1 m in u te s .  ^^"Cu i s  s u i t a b l e  f o r  a c t i v a t i o n  
a n a l y s i s  a s  t h e  c r o s s - s e c t i o n  o f  65Cu f o r  t h e r m a l  n e u t r o n  
c a p t u r e  i s  3*6 b a r n s  and t h e  r e s u l t i n g  s e n s i t i v i t y  i s  o f  
t h e  o r d e r  o f  10"10 g . 5 64Cu e m i t s  B”  and B+ p a r t i c l e s  on 
d e c a y in g  and so may be  d e t e c t e d  by  a  G e ig e r  o r  s c i n t i l l a ­
t i o n  c o u n t e r  ( 0 .5 1  MeV X - ra y s  a r e  e m i t t e d  when a  p o s i t r o n
i s  s t o p p e d ) .  I n  t h i s  s t u d y  t h e  sa m p le s  w ere  i r r a d i a t e d
12 2f o r  24  h o u r s  a t  a  th e r m a l  n e u t r o n  f l u x  o f  10 n /cm . / s e c .  
T h e o r e t i c a l l y  t h e r e  i s  a  p o s s i b l e  i n t e r f e r e n c e  from
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• • 64 r? /  \ 64z m c  s i n c e  Zn ( n , p )  Cu, b u t  t h i s  i s  o n ly  fo u n d  i n  a
sam p le  w h ic h  i s  p r e d o m in a n t ly  z i n c .  The n e u t r o n  c a p t u r e
c r o s s - s e c t i o n  f o r  t h i s  r e a c t i o n  i s  a b o u t  12 m i l l i b a r n s .
E x p e r im e n ta l  M ethods
The m ethod  d e s c r i b e d  i s  a  m o d i f i c a t i o n  o f  t h o s e  o f  
S m a l e s ^ ^  and  Bowen. Enamel sa m p le s  w e ig h in g  n o t  more
t h a n  25 mg. w ere o b t a i n e d  fro m  100 sound  e x t r a c t e d  human 
t e e t h  f r e e  from  enam el d e f e c t s .  Where t h e  age o f  th e  
p a t i e n t  was known, t h i s  was n o t e d .  The crow n o f  e a c h  t o o t h  
was s e c t i o n e d  t r a n s v e r s a l l y  a t  m id -c row n  l e v e l  u s i n g  a 
c a rb o ru n d u m  d i s c .  The t h i c k n e s s  o f  enam el a t  t h i s  l e v e l  
was m e a su re d  and t h e n  d i v i d e d  i n t o  an  o u t e r  and i n n e r  enam el 
l a y e r  u s i n g  a  c u t t i n g  d i s c  w i t h  a  m ic ro m e te r  g a u g e .  When 
re m o v in g  t h e  i n n e r  enam el l a y e r ,  c a r e  was t a k e n  t o  e n s u r e  
t h a t  t h e r e  was no c o n ta m i n a t i o n  o f  t h e  enam el w i t h  d e n t i n e .
S m a ll  s e c t i o n s  o f  t o o t h  enam el were w e ighed  i n t o  p o l y ­
e t h y l e n e  t u b e s  w h ich  w ere s e a l e d .  At t h e  same t im e  a  0 .2  g .  
o f  a  s t a n d a r d  c o p p e r  s o l u t i o n  (10 m g . /m l . )  were w e igh ed  
a c c u r a t e l y  i n t o  a  s i l i c a  am pule w h ich  was a l s o  s e a l e d .
B o th  t h e  s t a n d a r d  and sa m p le s  were p a c k e d  i n t o  an  a lu m in iu m  
i r r a d i a t i o n  c a n  and  s e n t  f o r  i r r a d i a t i o n  i n  a  s u i t a b l e  
a to m ic  r e a c t o r  (BEPO). A f t e r  i r r a d i a t i o n ,  t h e  sa m p le s  were 
rem oved  from  t h e  p o l y e t h y l e n e  t u b e s  and d i g e s t e d  i n  50 
c e n t r i f u g e  t u b e s  w i t h  10 d ro p s  o f  24E n i t r i c  a c i d ,  a d d in g  
e x t r a  16E n i t r i c  a c i d  t o  c o m p le te  t h e  d i g e s t i o n ,  i f  
n e c e s s a r y .  The s t a n d a r d  was made up b y  s u c c e s s i v e  d i l u t i o n s  
t o  10 l i t n e s  and  1 m l. u s e d  as  a  w o rk in g  s t a n d a r d .
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C h e m ica l  S e p a r a t i o n
Ten mg. o f  c o p p e r  c a r r i e r  was added  t o  e a c h  sa m p le ,  
t o g e t h e r  w i t h  1 d ro p  e a c h  o f  10 p e r  c e n t  c o b a l t  n i t r a t e  
s o l u t i o n ,  10 p e r  c e n t  m anganese n i t r a t e  s o l u t i o n  and 10 
p e r  c e n t  ammonium d ih y d r o g e n  p h o s p h a te  s o l u t i o n .  The 
s o l u t i o n  was a d j u s t e d  t o  a  s u i t a b l e  volume (5 m l . )  w i th  w a te r  
and  t h e  c o p p e r  r e d u c e d  t o  t h e  c u p ro u s  s t a t e  by  a d d in g  2 m l. 
o f  20 p e r  c e n t  h y d r a t e d  sodium  s u l p h i t e  s o l u t i o n .  The 
c o p p e r  was t h e n  p r e c i p i t a t e d  b y  a d d in g  1 m l. o f  20 p e r  c e n t  
p o t a s s i u m  t h i o c y a n a t e .  Any p r e c i p i t a t e  fo rm ed  d u r in g  t h e  
a d d i t i o n  o f  t h e  s u l p h i t e  was d i s s o l v e d  i n  n i t r i c  a c i d .
The c u p ro u s  t h i o c y a n a t e  p r e c i p i t a t e  was b o i l e d  and c e n t r i ­
f u g e d ,  r e j e c t i n g  t h e  s u p e r n a t a n t  l i q u i d .  The p r e c i p i t a t e  
was w ashed tw ic e  w i t h  h o t  w a te r  and d i s s o l v e d  i n  0 .5  m l. 
o f  16N n i t r i c  a c i d .  Two d ro p s  o f  t h e  ammonium p h o s p h a te  
s o l u t i o n ,  8 d r o p s  o f  a  10 p e r  c e n t  f e r r i c  n i t r a t e  s o l u t i o n  
and  3 d r o p s  o f  10 p e r  c e n t  c a l c iu m  c h l o r i d e  were ad d ed .
The s o l u t i o n  was n e u t r a l i z e d  c a r e f u l l y  w i t h  15^ ammonia 
u n t i l  a  l i g h t - c o l o u r e d  p r e c i p i t a t e  was o b t a i n e d ,  a f t e r  w h ich  
a  few  d ro p s  e x c e s s  w ere added  t o  fo rm  t h e  c o p p e r -a m in e  
com p lex  and  t o  c o m p le te  t h e  p r e c i p i t a t i o n  o f  t h e  i r o n  a s  
t h e  h y d r o x i d e .  The c a lc iu m  was p r e c i p i t a t e d  by  a d d in g  
2 m l.  o f  1M sodium  c a r b o n a t e  and  th e  s o l u t i o n  h e a t e d  f o r  
a  few  m in u te s ;  f i l t e r e d ,  w ash ed , and t h e n  n e u t r a l i z e d  w i th  
18N a c e t i c  a c i d  u n t i l  i t  t u r n e d  a  p a l e  b lu e  c o l o u r .  I t  
was a c i d i f i e d  w i t h  4  d ro p s  o f  16N n i t r i c  a c i d  and t h e  
c o p p e r  r e p r e c i p i t a t e d  a s  t h e  t h i o c y a n a t e  u s i n g  t h e  m ethod 
d e s c r i b e d  a b o v e .  The p r e c i p i t a t e  was w ashed tw ic e  w i th
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h o t  w a te r  and  t h e n  d i s s o l v e d  i n  0*5 n il.  o f  16R n i t r i c  a c i d .  
T h i s  s o l u t i o n  was n e u t r a l i z e d  w i t h  5 p e r  c e n t  sodium  
h y d r o x id e  s o l u t i o n  u n t i l  a  f a i n t  p r e c i p i t a t e  a p p e a re d .
F o u r  d ro p s  o f  16N n i t r i c  a c i d  w ere added  and t h e  s o l u t i o n  
h e a t e d  f o r  a  few  m in u te s .  Four m l.  o f  2 p e r  c e n t  
q u i n a l d i c  a c i d  s o l u t i o n  were ad d ed  and  t h e  h e a t i n g  c o n t in u e d  
f o r  a  few  m in u te s  m ore. A f t e r  c e n t r i f u g i n g ,  t h e  p r e c i p ­
i t a t e  was w ashed  tw ic e  w i t h  h o t  w a te r  and once w i t h  a c e to n e .  
The p r e c i p i t a t e  was s l u r r i e d  on t o  w e ig h ed  t r a y s  w i t h  
a c e t o n e ,  d r i e d ,  and a  c o m p a r is o n  made b e tw e e n  th e  r e c o v e r i e s  
and  c o u n t  r a t e s  o f  t h e  sa m p le s  a g a i n s t  t h e  s t a n d a r d ,  t h u s  
o b t a i n i n g  t h e  a b s o l u t e  c o n t e n t .  A l l  r e a g e n t s  u s e d  were 
'A n a la R ' g r a d e ;  and  a l l  p e r c e n t a g e s  w ere  w e ig h t /v o lu m e .
R e s u l t s
The r e s u l t s  o f  t h e  a n a l y s i s  o f  100 s a m p le s  showed t h a t  
s m a l l  v a r i a t i o n s  o c c u r r e d  b e tw e e n  t h e  c o p p e r  c o n t e n t  o f  t h e  
o u t e r  enam el l a y e r  and  t h e  i n n e r  enam el l a y e r ;  b u t  t h e s e  
d i f f e r e n c e s  w ere  so  s m a l l  a s  t o  have  no s i g n i f i c a n c e .
The mean o f  t h e  o u t e r  enam el l a y e r  was 9*5 p .p .m .  w i th  a  
s t a n d a r d  d e v i a t i o n  o f  7*8 p . p . m . ,  and  t h a t  o f  t h e  i n n e r  
enam el l a y e r  11 .3  p .p .m .  w i t h  a  s t a n d a r d  d e v i a t i o n  o f  9-0  
p .p .m .  T a b le  1 shows t h e  c o p p e r  c o n t e n t  o f  t e e t h  w here
t h e  age  and  s e x  o f  t h e  p a t i e n t  w ere  known. The r a n g e  o f  
d i s t r i b u t i o n  o f  t h e  c o p p e r  i n  100 enam el sa m p le s  i s  shown 
i n  F ig u r e  1 .
Summary
The m ethod  o f  a c t i v a t i o n  a l lo w s  m easurem ent o f  t h e
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c o p p e r  c o n t e n t  o f  t h e  o u t e r  and i n n e r  enam el l a y e r s  o f  
i n d i v i d u a l  t e e t h .  W ith  t h i s  m ethod t h e  c o p p e r  c o n te n t  o f  
100 t e e t h  was e s t i m a t e d  and  a mean v a lu e  o f  9 .5  p .p .m .  o f  
c o p p e r  f o r  t h e  o u t e r  enam el l a y e r  and  11.5  p .p .m .  f o r  t h e  
i n n e r  enam el l a y e r  was o b t a i n e d .
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ACTIVATION ANALYSIS IN DENTAL MEDICINE 
D e n ta l  C a r i e s
A p a r t  from  r a c i a l  and  d i e t a r y  f a c t o r s  w h ic h / i n f l u e n c e  
d e n t a l  c a r i e s ,  t h e  answ er t o  i n d i v i d u a l  s u s c e p t i b i l i t y  t o  
c a r i e s  may l i e  i n  t h e  c o m p o s i t i o n  o f  t h e  h a r d  d e n t a l  
t i s s u e s ,  w i t h  p a r t i c u l a r  r e f e r e n c e  t o  t h e  t r a c e  e l e m e n t s .
I t  i s  i m p o r t a n t ,  t h e r e f o r e ,  n o t  o n ly  t o  e s t a b l i s h  
v a l u e s  f o r  t h e s e  e l e m e n t s ,  b u t  a l s o  t h e i r  d i s t r i b u t i o n  
th r o u g h o u t  t h e  h a r d  t i s s u e s  o f  t h e  t e e t h ,  p a r t i c u l a r l y  
e n a m e l .  Once t h e s e  v a l u e s  a r e  e s t a b l i s h e d  f o r  sound  
t e e t h ,  c a r i o u s  t e e t h  c a n  t h e n  be ex am in ed .
One g r e a t  a d v a n ta g e  o f  a c t i v a t i o n  a n a l y s i s  h a s  b e e n  
t h e  a b i l i t y  t o  s e l e c t  many sa m p le s  from  d i f f e r e n t  a r e a s  o f  
enam el o f  a  s i n g l e  t o o t h .  U s in g  a  m ic ro m e te r  s e c t i o n i n g  
t e c h n i q u e ,  s i x  sa m p le s  c an  be o b t a i n e d  from  d i f f e r e n t  a r e a s  
o f  e n a m e l .  T h is  i s  i m p o r t a n t  a s  i t  i s  known t h a t  t h e  
c o m p o s i t i o n  o f  t h e  t o o t h  enam el i s  n o t  u n i fo rm  th r o u g h o u t .  
As t h e  p r o c e s s  o f  c a r i e s  commences on t h e  o u t e r  s u r f a c e  o f  
t h e  e n a m e l ,  i t  m ig h t  be e x p e c te d  t h a t  t h e  s u r f a c e  com posi­
t i o n  w ould  be m ost c l o s e l y  r e l a t e d  t o  c a r i e s  r e s i s t a n c e .
A g r e a t  amount o f  p u b l i c i t y  h a s  b e en  g iv e n  t o  t h e  
a c t i o n  o f  f l u o r i n e  i n  t h e  r o l e  o f  p r e v e n t i n g  c a r i e s .
O th e r  e l e m e n t s ,  h o w ev er ,  have  a l s o  b e e n  s u g g e s t e d  a s  b e in g  
a n t i —c a r i o g e n i c . E le m e n ts  s u c h  a s  molybdenum, m an gan ese ,
b o r o n ,  s t r o n t i u m ,  l i t h i u m  and  vanadium .
Many l a b o r a t o r y  s t u d i e s  have b e e n  c a r r i e d  o u t  f e e d i n g  
r a t s  and  o t h e r  l a b o r a t o r y  a n im a ls  on d i e t s  c o n t a i n i n g  t h e s e
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e le m e n t s  t o  d e te rm in e  t h e i r  e f f e c t  on d e n t a l  c a r i e s .  The 
r e s u l t s  o f  t h e s e  e x p e r im e n t s  have  n o t  o n ly  b e e n  c o n f l i c t i n g ,  
b u t  ev en  c o n f u s i n g .
S e v e r a l  r e c e n t  i n v e s t i g a t o r s  have  i n d i c a t e d  t h a t  
i n t e r a c t i o n s  may e x i s t  b e tw e e n  t r a c e  e le m e n ts  w hich  may 
a c c o u n t  f o r  th e  c o n f l i c t i n g  r e s u l t s  when t h e  t r a c e  e le m e n ts  
a r e  a d m i n i s t e r e d  s e p a r a t e l y .  S to o k e y  and  M u l le r  ( i 9 6 0 )  
h av e  shown t h a t  t h e r e  i s  i n c r e a s e d  r e t e n t i o n  o f  f l u o r i n e  
when molybdenum was ad d ed  t o  t h e  d i e t .  F u r th e r m o re ,
K ru g e r  (1 9 5 9 )  fo u n d  t h e  same b e tw e e n  f l u o r i n e  and  b o ro n ,  
and  f l u o r i n e  and a lu m in iu m . I t  h a s  a l s o  b e e n  shown t h a t  
f l u o r i n e ,  when a d m i n i s t e r e d  w i t h  vanad ium , i s  more e f f e c t ­
i v e  i n  r e d u c i n g  d e n t a l  c a r i e s  t h a n  f l u o r i n e  a l o n e .
T hese  s t u d i e s ,  t o g e t h e r  w i t h  o t h e r s ,  w ould  a p p e a r  t o  
show t h a t  n o t  any s i n g l e  t r a c e  e le m e n t  i s  r e s p o n s i b l e  f o r  
t h e  r e d u c t i o n  o f  d e n t a l  c a r i e s ,  b u t  t h a t  a  r e l a t i o n s h i p  
p r o b a b l y  e x i s t s  b e tw e e n  t r a c e  e le m e n ts  i n  t e e t h  -  an  
i n t e r a c t i o n  w h ich  may t a k e  p l a c e  p r o d u c in g  an a l t e r a t i o n ,  
e i t h e r  i n  t h e  o r g a n i c ,  o r  i n  t h e  i n o r g a n i c  c o n s t i t u e n t s  o f  
t e e t h .
I n  th e  p a s t ,  t h e  em p h as is  h a s  b e e n  m a in ly  on t h e  
a l t e r a t i o n  w h ich  t a k e s  p l a c e  i n  t h e  a p a t i t e  s t r u c t u r e  o f  
t h e  i n o r g a n i c  p o r t i o n  o f  t h e  t o o t h  and t h e  r e l a t i o n s h i p  
w h ic h  e x i s t s  b e tw e e n  i t  and  t h e  t r a c e  e l e m e n t s ,  b u t  l i t t l e  
t o  t h e i r  r e l a t i o n s h i p  w i t h  t h e  o r g a n ic  p o r t i o n .
I t  i s  w e l l  known t h a t  f l u o r i t i c  t e e t h  a r e  more 
r e s i s t a n t  t o  c a r i e s  and  t h a t  f l u o r i t i c  enam el i s  more 
r e s i s t a n t  t o  d e c a l c i f i c a t i o n .  I t  i s  som etim es f o r g o t t e n  
t h a t ,  w here  t h e r e  a r e  h i g h  f l u o r i n e  w a te r  s u p p l i e s ,  t h e
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enam el may be g r o s s l y  h y p o c a l c i f i e d ,  w h i le  t h e  t e e t h  a re  
r e l a t i v e l y  r e s i s t a n t  t o  a t t a c k  by  d e n t a l  c a r i e s  and  t o  d e c a l ­
c i f i c a t i o n .  I t  may be a rg u e d  t h a t ,  i f  c a r i e s  i s  s im p ly  a 
d e c a l c i f i c a t i o n  p r o c e s s ,  s u c h  t e e t h  w ould  be more s u s c e p t i b l e  
t o  c a r i e s  -  b u t  t h i s  i s  n o t  s o .  On c l o s e  e x a m in a t io n  o f  
t h e s e  t e e t h ,  i t  i s  fo u n d  t h a t  t h e y  have  an u n u s u a l  o r g a n ic  
s t r u c t u r e ,  w h ich  i s  h i g h l y  r e s i s t a n t  t o  a c i d  a t t a c k .
A lth o u g h  t h e  o r g a n ic  com ponen ts  o f  t e e t h  a r e  p r e s e n t  i n  
r e l a t i v e l y  s m a l l  am ounts ( 3%) i n  e n a m e l ,  i t  i s  r e a l i s e d  t h a t  
t h e y  p l a y  an  i m p o r t a n t  p a r t  i n  t o o t h  f o r m a t io n  and i n  d e n t a l  
c a r i e s .
I t  i s  g e n e r a l l y  r e c o g n i s e d  t h a t  t h e  p r o t e i n  o f  th e  
enam el m a t r i x  i s  a  t y p e  o f  k e r a t i n ,  w h ich  h a s  b e e n  c h a r a c t e r ­
i s e d  a s  a  e u k e r a t i n .  W ith  i n c r e a s i n g  a g e ,  i t  i s  b e l i e v e d  
t h a t  c h a n g e s  t a k e  p l a c e  i n  t h e  o r g a n ic  p o r t i o n  o f  t h e  t e e t h  
and  t h a t  t h e r e  i s  an i n c r e a s e d  r e s i s t a n c e  t o  d e n t a l  c a r i e s .
T ra c e  e le m e n t s  a r e  known to  p ro d u c e  c h a n g e s  i n  o t h e r  
e c to d e r m a l  s u b s t a n c e s ,  su c h  a s  wool e t c .  As enam el i s  a l s o  
o f  e c to d e r m a l  o r i g i n ,  i t  may be from  a  c o m p a ra t iv e  b i o ­
c h e m ic a l  p o i n t  o f  v iew  t h a t  t r a c e  e le m e n ts  may c a u s e  c h a n g e s  
i n  t h e  enam el p r o t e i n s  and  t h u s  p ro d u c e  an  i n c r e a s e d  
r e s i s t a n c e  t o  c a r i e s .
E x p e r im e n ts  a r e  b e in g  c a r r i e d  o u t  a t  p r e s e n t  t o  exam­
i n e  t h e  r e l a t i o n s h i p  b e tw e e n  t r a c e  e le m e n ts  and  t h e i r  u p ta k e  
i n  t e e t h .  S t a b l e  i s o t o p e s  o f  t r a c e  e le m e n ts  c o n s i d e r e d  to  
p r o d u c e  a l t e r a t i o n  i n  c a r i e s  have  b e e n  added  t o  t h e  d i e t  o f  
r a t s .  As r a t s  have  c o n t i n u o u s l y  g ro w in g  i n c i s o r s ,  t h e i r  
t e e t h  fo rm  a  r e c o r d  o f  t h e  am ounts o f  t r a c e  e le m e n ts  t a k e n  
up by  t h e  h a r d  d e n t a l  t i s s u e s .  By rem o v in g  a  s m a l l  p o r t i o n
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o f  t h e  i n c i s a l  t i p  o f  t h e  g ro w in g  t o o t h  i n  v iv o  and a c t i v a t i n g  
i t ,  t h e  am ounts o f  t h e  t r a c e  e le m e n ts  p r e s e n t  i n  t h e  d e n t a l  
t i s s u e s  c a n  be m e a su re d .  V a r i a t i o n s  i n  t h e  p r o p o r t i o n s  o f  
t h e s e  t r a c e  e le m e n ts  i n  t h e  d i e t  c an  be  g iv e n  t o  t h e  same r a t .
C a lc u lu s
One o t h e r  a s p e c t  o f  d e n t a l  m e d ic in e  t o  w h ich  a c t i v a ­
t i o n  a n a l y s i s  i s  b e in g  a p p l i e d  i s  t h a t  o f  c a l c u l u s .
A p p ro x im a te ly  80% o f  d e n t a l  c a l c u l u s  i s  composed o f  
s u c h  i n o r g a n i c  m a t e r i a l  a s  c a l c iu m ,  m agnesium , p h o s p h a te  
c a r b o n a t e  and  f l u o r i n e .  How ever, t h e r e  a p p e a r s  t o  b e  no 
f u l l  a g re e m e n t  a b o u t  t h i s  and  t h e r e  h a s  b e e n  v e r y  l i t t l e  
p u b l i s h e d  w ork .
T h ere  a r e  two m ain  t y p e s  o f  c a l c u l u s ,  s u p r a g i n g i v a l  -  
o r  t h a t  w h ich  o c c u r s  above t h e  gum and w h ich  i s  m ost common 
-  and  s u b g i n g i v a l , w h ich  o c c u r s  b e low  t h e  gum l e v e l .
O p in io n  a s  t o  t h e  o r i g i n  o f  c a l c u l u s  h a s  b e e n  d i v i d e d  -  
one s c h o o l  o f  t h o u g h t  b e l i e v i n g  t h a t  c a l c u l u s ,  w h e th e r  fo u n d  
above o r  be low  t h e  gum, i s  fo rm ed  by  s a l i v a .  The o t h e r  
o p i n i o n  i s  t h a t ,  w h i le  t h e  s u p r a g i n g i v a l  c a l c u l u s  i s  fo rm ed  
f ro m  s a l i v a ,  t h a t  b e lo w  t h e  gum m a rg in  i s  fo rm ed  from  a 
s e r o u s  e x u d a te  from  t h e  b lo o d .
R e c e n t  work by  B r i l l  (1 9 6 2 )  u s in g  a f l u o r e s c e n t  dye 
i n j e c t e d  i n t o  t h e  b lo o d  s t r e a m  showed t h a t  t h e  f l u i d  i n  t h e  
g i n g i v a l  p o c k e t  d i d ,  i n  f a c t ,  come from  t h e  b lo o d  s t r e a m  
and c o u ld  be  a  p o s s i b l e  s o u r c e  o f  s u b g i n g i v a l  c a l c u l u s .
I t  i s  p r o p o s e d  t o  exam ine  b o t h  s u p r a -  and s u b g i n g i v a l  
c a l c u l u s  f o r  t r a c e  e le m e n t s  and t o  e s t a b l i s h  i f  any r e l a ­
t i o n s h i p  e x i s t s  b e tw e e n  t h e  t r a c e  e le m e n ts  i n  s a l i v a  and 
b lo o d  and  t h o s e  i n  c a l c u l u s .
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T h is  s t u d y  l i n k s  up w i t h  o u r  p r e v i o u s  c a r i e s  s tu d y  as  
i t  i s  a  w e ll-k n o w n  d e n t a l  f a c t  t h a t  p a t i e n t s  who have  a heavy  
c a l c u l u s  d e p o s i t  have  v e r y  l i t t l e  c a r i e s .  T h is  c a l c u l u s /  
c a r i e s  a n ta g o n is m  h a s  n e v e r  y e t  h e e n  s a t i s f a c t o r i l y  e x p la in e d .
Amalgam f i l l i n g s  a s  a  means o f  a s s e s s i n g  r a d i a t i o n  d osag e
One o f  t h e  d i f f i c u l t i e s  i n  a s s e s s i n g  t h e  b i o l o g i c a l  
e f f e c t s  o f  r a d i a t i o n  on human b e in g s  i s  t h a t  no d i r e c t  
e x p e r i m e n t a l  work c o u ld  be a l lo w e d .  E x t r a p o l a t i o n  o f  
e f f e c t s  f rom  r a d i a t i o n  on a n im a ls  t o  r a d i a t i o n  on man i s ,  
i n  p r i n c i p l e ,  u n r e l i a b l e ,  and  so i n f o r m a t i o n  on r a d i a t i o n  
damage t o  man comes from  l i m i t e d  s o u r c e s
( a )  X - r a d i o g r a p h e r s  o f  t h e  o ld  s c h o o l  who w ere  p o o r l y  
p r o t e c t e d ;
( b )  t h e  e a r l y  w o rk e r s  on r a d i o a c t i v e  s p e c i e s ;
( c )  bomb i r r a d i a t i o n  a t  H iro sh im a  and  N a g a s a k i ;
( d )  r e a c t o r  i n c i d e n t s .
I n  ( d )  a f t e r  a  r e a c t o r  i n c i d e n t ,  i t  i s  p o s s i b l e  t o  ob­
t a i n  some i n f o r m a t i o n  on t o t a l  n e u t r o n  d o se  f rom  a  s tu d y  o f ;
✓ x Ph( i )  body  Na i n  b lo o d  
( i i )  Au i n  r i n g s ,  b u c k le s  and w a tc h e s  
( i i i )  t h e  p r e s e n t  p r o p o s a l  -  Hg i n  t e e t h .
Suppose  we c o n s i d e r  a t y p i c a l  f i l l i n g  t o  c o n t a i n  2 g .  
o f  Hg. L e t  t h i s  be e x p o sed  t o  a  t o t a l  d o se  o f  0  n e u t r o n s  
( n o t e  t h i s  i s  a  t o t a l  d o s e ,  n o t  f l u x  x  t i m e ) .  Then t h e  
number o f  r a d i o a c t i v e  a tom s o f  ^ ^ H g  fo rm ed  (N*) w i l l  be  
g i v e n  by  N* -  N 0 w here  N i s  t h e  number o f  m erc u ry  a tom s 
i r r a d i a t e d  -
i . e .  N* = x  6 .0 2  x  1025 x  4 .5  x  1 0 "24 x  0
be
Wt. o f  Hg . - f
Atom ic Wt. Hg X Av°S ad:ro s No. x  ( t h e  c r o s s - s e c t i o n
f o r  p r o d u c in g  ^^Hg from  th e
n a t u r a l  e le m e n t  f o f  th e r m a l
p n e u t r o n s )
3 x  10 x 0
Now t h e  r a t e  o f  r a d i o a c t i v e  d e c a y  o f  t h e s e  atom s w i l l
z M l  = N* _ - 3 2 1  N*
d t  “ t 1 N
■g-
w here  i s  t h e  d i s i n t e g r a t i o n  c o n s t a n t  and
= 0 . 6 9 3 / t j  t ^  = - J - l i f e  o f  e le m e n t .
i . e -dN* .6 9 5  x  N* d t  ” 65 x  60
( t ^  = 65 h o u r s  = 65 x  60 m in . )
= 6 5 6 x ? 6 0  x  3 x  1 0 “ 2  x  0
d i s i n t e g r a t i o n  p e r  m in u te
= g fng x 3 x 1°~ 2 x ^6 .5  x  6 . 0  x  102 
2 x  10-4 ' x  3 x  10~2 x  0
6 x  10- 6  x  0  d i s i n t e g r a t i o n  p e r  m in .
I f  we assum e t h a t  t h e  c o u n t i n g  sy s te m  i s  o n ly  1 / 6 t h  e f f i c i e n t  
C o u n ts  p e r  m in u te  i n  c o u n te r  = 10"^  x  0
o
Thus f o r  a n e u t r o n  b u r s t  o f  10 n e u t r o n s  t h e  2 g .  Hg sam ple
s h o u ld  g iv e  100 c .p .m .
Now i n  p u l s i n g  a  r e a c t o r  one m ig h t  o b t a i n  a  f l u x  o f
1016 n e u t r o n s  p e r  s e c o n d  p e r  s q u a r e  cm. f o r  20 m i l l i s e c o n d s
14i . e .  2 x  10 n e u t r o n s .
The number o f  n e u t r o n s  e x p e c te d  i n  an  ,!i n c i d e n t " would 
be a t  l e a s t  e q u a l  t o  t h i s .
Suppose  o n ly  10% e s c a p e  th e  cone and a  p e r s o n  s t a n d s  
2 0 '  away from  i t .  Then h i s  t o t a l  d o se  p e r  s q u a re  cm.
T h is  comes from  c o n s i d e r i n g  s o u rc e  a s  a  p o i n t  and 
f i n d i n g  n e u t r o n s  p e r  s q .  cm. on th e  s u r f a c e  o f  a  
s p h e re  o f  r a d i u s  2 0 ' .
3 cm. 1 1.
= 2 x 1014* x  4 :  x10 P P4 x 3 x 6 x 1 0  x  6 x  10
q
■J x  1 0 y n e u t r o n s
i . e .  u n d e r  t h e s e  c o n d i t i o n s  a  p e r s o n  s t a n d i n g  2 0 ' away m igh t
q
h av e  upw ards o f  1 0 y n e u t r o n s  f a l l i n g  on e a c h  s q u a r e  cm. o f  
h i s  body  -  w h ic h  i n  h i s  Hg f i l l i n g s  would g i v e ,  f o r  a  2 g .
7
f i l l i n g  10^ c .p .m .  i n  a  c o u n t e r .
I t  m ig h t  be  a rg u e d  t h a t  t h e  c r o s s - s e c t i o n  c h o se n
—24 P= 4 . 5  b a r n s  (1 b a r n  = 10” cm. ) i s  wrong and  w ould , 
o f  c o u r s e ,  v a r y  w i t h  n e u t r o n  e n e r g y ;  b u t  G-uinn (1 9 64 )  i n  
h i s  s t u d i e s  o f  Y  v e r s u s  n e u t r o n  d i s t r i b u t i o n  d u r i n g  p u l s i n g  
o f  a  r e a c t o r  f i n d s  t h a t  t h e  s p e c t ru m  o f  n e u t r o n s  d e v i a t e s  
l i t t l e  f ro m  a  t h e r m a l  s p e c t ru m .  T hus , t h e  e r r o r s  i n t r o ­
d u c e d  by  t a k i n g  f o r  t h e r m a l  e n e r g i e s  p r o b a b l y  o n ly  makes a 
few  % e r r o r  i n  t h e  r e s u l t .
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HAZARD OF MERCURY POISONING IN THE DENTAL SURGERY
S in c e  th e  i n t r o d u c t i o n  o f  s i l v e r  and c o p p e r  amalgams 
a s  d e n t a l  f i l l i n g  m a t e r i a l s  a t  t h e  b e g in n i n g  o f  t h e  1 8 th  
c e n t u r y ,  t h e  p r e s e n c e  o f  m erc u ry  u se d  i n  t h e i r  p r e p a r a t i o n  
h a s  g iv e n  r i s e  t o  much d i s c u s s i o n  r e g a r d i n g  i t s  p o s s i b l e  
h a z a r d  t o  h e a l t h  and many i n v e s t i g a t i o n s  w ere  c a r r i e d  o u t .
I n  t h e  m ost r e c e n t  r e p o r t s ^ " 1 ’2 ’ ^  i t  i s  s t a t e d  t h a t  t h e r e  i s  
no s e r i o u s  r i s k  t o  d e n t a l  p e r s o n n e l  from  v o l a t i l i z e d  m ercu ry  
i n  t h e  d e n t a l  s u r g e r y .
I n  m e rc u ry  i n t o x i c a t i o n ,  t h e  c l a s s i c a l  symptoms, su ch
as s t o m a t i t i s , p r o f u s e  s a l i v a t i o n  and t r e m o r s  o f  t h e  to n g u e ,
a r e  n o t  a lw ay s  e v i d e n t .  D i f f e r e n t  d e g r e e s  o f  i n t o x i c a t i o n
may t a k e  p l a c e ,  p a r t i c u l a r l y  i f  a b s o r p t i o n  o f  m erc u ry  o c c u r s
o v e r  a  l o n g  p e r i o d  o f  t i m e .  Symptoms, su c h  a s  r e s t l e s s n e s s ,
i r r i t a b i l i t y  and  in s o m n ia  w i t h  f i n e  t r e m o r s  o f  t h e  h and s
( 4 )h a v e  b e e n  r e p o r t e d  a s  b e in g  p r e s e n t  i n  s u c h  c a s e s .
M e t a l l i c  m erc u ry  i s  a b s o rb e d  i n t o  t h e  body  m a in ly  by 
i n h a l a t i o n  o f  m erc u ry  v a p o u r  i n t o  t h e  l u n g s .  S o lu b le  s a l t s  
o f  m e rc u ry  c a n  a l s o  p a s s  i n t o  t h e  c i r c u l a t o r y  sy s te m  v i a  
t h e  d i g e s t i v e  t r a c t .  M ercury  c a n  a l s o  be a b s o rb e d  t h r o u g h  
i n t a c t  s k i n . The p r e s e n c e  o f  p e r s p i r a t i o n  on t h e  s k i n  
i n c r e a s e s  t h e  a b s o r p t i o n  by  d i s p e r s i n g  t h e  m erc u ry  o v e r  a 
w id e r  a r e a .  A f t e r  p a s s i n g  i n t o  t h e  c i r c u l a t i o n ,  m erc u ry  
i s  r a p i d l y  t a k e n  up by  t h e  t i s s u e s .  The h i g h e s t  c o n c e n t r a ­
t i o n  i s  fo u n d  i n  t h e  k id n e y  f o l lo w e d  by  t h e  l i v e r ,  s p l e e n ,  
i n t e s t i n a l  w a l l ,  h e a r t  and  s k e l e t a l  m u sc le .
M ercu ry  v o l a t i l i z e s  r e a d i l y  a t  room te m p e r a tu r e  and 
t h e o r e t i c a l l y  1 cu .m . o f  a i r  a t  20°C c an  h o ld  3G mg. m erc u ry .
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M easurem en ts  o f  t h e  am ounts o f  a i r  have b e e n  made i n  v a r i o u s  
d e n t a l  s u r g e r i e s  and r e p o r t s  i n d i c a t e  t h a t  t h e s e  c o n c e n t r a ­
t i o n s  may be a s  h ig h  a s  0 .2 0  mg. H g . /c u .m .  t o  l e s s  t h a n
0 .0 1  mg. H g . / c u . m I n  A m erica  t h e  maximum a c c e p t a b l e  
c o n c e n t r a t i o n  o f  m erc u ry  f o r  an e i g h t - h o u r  f i v e  day  week i s  
l / 1 0 0 t h  o f  1 ppm. When t h i s  c o n c e n t r a t i o n  e x c e e d s
1 ppm. m e rc u ry  may become a  h a z a r d  t o  h e a l t h .  I n  t h e  
d e n t a l  s u r g e r y  t h e  m e rc u ry  c o n c e n t r a t i o n  i n  t h e  a i r  d ep en d s  
on a  number o f  f a c t o r s ,  s u c h  a s  t h e  v e n t i l a t i o n  and te m p e ra ­
t u r e  o f  t h e  s u r g e r y .
The p r e p a r a t i o n  o f  c o p p e r  amalgam by h e a t i n g  t h e  
p e l l e t s  c o n t r i b u t e s  a  much g r e a t e r  m e rc u ry  h a z a r d  t h a n  th e  
p r e p a r a t i o n  o f  s i l v e r  amalgam. I n  t h e  p r e p a r a t i o n  o f  s i l v e r  
amalgam t h e  p r a c t i c e  o f  m u l l i n g  t h e  amalgam i n  t h e  p a lm  o f  
t h e  hand  h a s  b e en  condemned b e c a u s e  o f  t h e  d a n g e r s  o f  
c o n ta m i n a t i o n  o f  t h e  a b s o r p t i o n  from  t h e  s k i n .  The t e c h ­
n iq u e  recommended f o r  th e  p r e p a r a t i o n  o f  s i l v e r  amalgam 
a t  p r e s e n t  i s  t o  p l a c e  t h e  amalgam, a f t e r  m ix in g ,  i n  a  d e n t a l  
n a p k in  and  rem ove t h e  e x c e s s  m erc u ry  by w r in g in g  t h e  n a p k in  
b e tw e e n  t h e  f i n g e r s .  Even w i th  t h i s  m ethod , m erc u ry  i s  i n  
d i r e c t  c o n t a c t  w i t h  t h e  s k i n .
To i n v e s t i g a t e  t h e  p o s s i b l e  h e a l t h  h a z a r d s  o f  m erc u ry  
t o  d e n t a l  s u r g e r y  p e r s o n n e l ,  a  p r e l i m i n a r y  i n v e s t i g a t i o n  was 
c a r r i e d  o u t  t o  m easu re  t h e  m erc u ry  c o n t e n t  o f  h a i r  and n a i l s  
o f  f e m a le  d e n t a l  s u r g e r y  a s s i s t a n t s .  T hese  a s s i s t a n t s  who 
a r e  c o n t i n u o u s l y  h a n d l i n g  m ercu ry  a r e  m ost l i k e l y  t o  be 
e x p o se d  t o  any  d a n g e r .
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Methods
Twenty fe m a le  d e n t a l  s u r g e r y  a s s i s t a n t s  were s e l e c t e d
who w ere c u r r e n t l y  em ployed  i n  a d e n t a l  s u r g e r y  and who had
b e e n  a c t i v e l y  en g ag e d  i n  s u r g e r y  work f o r  a  p e r i o d  o f  n o t
l e s s  t h a n  two y e a r s .
Sam ples  o f  h e a d  h a i r  and a x i l l a r y  h a i r ,  f i n g e r  n a i l s
and  t o e  n a i l s  w ere  o b t a i n e d  from  e a c h  a s s i s t a n t .  As
c o n t r o l s ,  s i m i l a r  s a m p le s  w ere  o b t a i n e d  from  26 fem a le
s u b j e c t s  n o t  e x p o se d  to  m e rc u ry .  The m erc u ry  c o n t e n t  o f
t h e  h a i r  and  n a i l  s a m p le s  was e s t i m a t e d  u s i n g  a  m ethod  o f
(8)n e u t r o n  a c t i v a t i o n  a n a l y s i s .  J T h is  m ethod  had  a  s e n s i -  
- '1 0t i v i t y  o f  10 gm.
The h a i r  and n a i l  s a m p le s ,  w e ig h in g  a b o u t  20 mg. were
s e a l e d  i n  a lu m in iu m  or s i l i c a  t u b e s  and i r r a d i a t e d  i n  a
12t h e r m a l  f l u x  o f  10 n e u t r o n s  p e r  s q u a r e  c e n t i m e t r e  p e r  
s e c o n d  f o r  a  p e r i o d  o f  one week ( B .E .P .O . )  A f t e r  i r r a d i a ­
t i o n ,  two r a d i o a c t i v e  i s o t o p e s  o f  m e rc u ry  197 and  m erc u ry  203 
w ere  fo rm e d ,  w h ic h  w ere  s u i t a b l e  f o r  m easu rem en t b y  a c t i v a ­
t i o n  a n a l y s i s .  B ecau se  o f  i t s  g r e a t e r  e a s e  o f  d e t e c t i o n  and 
l o n g e r  h a l f - l i f e ,  m erc u ry  203 was s e l e c t e d  f o r  e s t i m a t i o n .
R e s u l t s
I n  t h e  c o n t r o l  g r o u p ,  t h e  m ercu ry  c o n t e n t  o f  t h e  n a i l  
sa m p le s  showed a  mean v a lu e  o f  ppm. I n  t h i s  g roup
t h e r e  was l i t t l e  d i f f e r e n c e  b e tw ee n  t h e  m e rc u ry  c o n t e n t  o f  
f i n g e r  n a i l s  o r  t o e  n a i l s .  I n  t h e  s u r g e r y  a s s i s t a n t s *  
g r o u p ,  t h e  mean v a l u e  f o r  t o e  sa m p le s  was 9 .3  ppm. m e rc u ry ,  
w h i l e  t h a t  o f  f i n g e r  n a i l s  was much h i g h e r  a t  6 8 .7 6  ppm.
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The mean m erc u ry  c o n t e n t  o f  b o t h  a x i l l a r y  and h ead  
h a i r  sam p le s  i n  t h e  c o n t r o l  g roup  was 8 .8  ppm.
I n  t h e  s u r g e r y  a s s i s t a n t s  g ro u p ,  w h i le  t h e  mean 
m e rc u ry  c o n t e n t  o f  a x i l l a r y  h a i r  was 7 .8 8  p p m .,  t h a t  o f  
t h e  h e ad  h a i r  was 32.25  ppm.
I t  c a n  be  s e e n ,  t h e r e f o r e ,  t h a t  t h e  m erc u ry  c o n te n t  
o f  b o t h  h e a d  h a i r  and f i n g e r  n a i l s ,  p a r t s  o f  t h e  body w hich  
a r e  e x p o se d  t o  m e rc u ry ,  was much h i g h e r  i n  t h e  s u r g e r y  
a s s i s t a n t s  g rou p  t h a n  i n  t h e  c o n t r o l  g ro u p .
T hese  f i n d i n g s  s u g g e s t  t h a t  c h r o n i c  m e rc u ry  p o i s o n i n g  
( i n  some c a s e s  u n d ia g n o s e d  p e r h a p s )  may be a  h a z a r d  t o  
e i t h e r  d e n t i s t  o r  h i s  s t a f f .  One s u c h  c a s e  w h ich  came t o  
n o t i c e  f o l l o w i n g  t h i s  i n v e s t i g a t i o n  c o n c e rn e d  a d e n t i s t  and 
h i s  s u r g e r y  a s s i s t a n t  who c o m p la in e d  o f  s i g n s  and  symptoms 
s i m i l a r  t o  c h r o n i c  m e rc u ry  p o i s o n i n g .  B o th  h ad  b e e n  com­
p l a i n i n g  o f  p r o f u s e  s a l i v a t i o n  t o g e t h e r  w i th  t r e m o r s  o f  t h e  
h a n d s ,  in s o m n ia  and  i r r i t a b i l i t y .  The m erc u ry  c o n te n t  o f  
t h e  d e n t i s t ' s  f i n g e r  n a i l s  was 558 ppm. and  t h e  h e a d  h a i r  
171 p p m . , w h i le  th e  a s s i s t a n t  showed 286 ppm. f o r  t h e  f i n g e r  
n a i l s  and  5 0 .8  ppm. f o r  t h e  h e ad  h a i r .  On i n v e s t i g a t i o n  
i t  was fo u n d  t h a t  amalgam f i l l i n g s  were p r e p a r e d  by  b o t h  
d e n t i s t  and  a s s i s t a n t  and t h a t  e x c e s s  m erc u ry  was a l lo w e d  t o  
e s c a p e  on t o  t h e  f l o o r  i n  c l o s e  p r o x i m i t y  t o  an  e l e c t r i c  
c o n v e c to r  h e a t e r .  When t h e  f l o o r  c o v e r i n g  was rem oved , a 
q u a n t i t y  o f  m e rc u ry  ( a p p r o x im a te ly  3 m l . )  was fo u n d  b e lo w
t h e  f l o o r  b o a r d s .
A f u r t h e r  i n v e s t i g a t i o n  i s  b e in g  c a r r i e d  o u t  t o  d e t e r ­
m ine th e  r e a s o n s  f o r  t h e  h i g h e r  m erc u ry  c o n t e n t  i n  t h e s e  
s u b j e c t s .  I n  t h e s e  c a s e s ,  su c h  f a c t o r s  a s  c a r e l e s s  h a n d l in g
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o f  m erc u ry  d u r i n g  p r e p a r a t i o n  o f  amalgam, o r  w o rk in g  i n  
d e n t a l  s u r g e r i e s  w here  v e n t i l a t i o n  and w o rk in g  s u r f a c e s  a r e  
i n a d e q u a t e  a r e  b e in g  c o n s i d e r e d .
Summary
M ercury  i s  a  p o s s i b l e  h a z a rd  t o  h e a l t h  i n  t h e  d e n t a l  
s u r g e r y .  M easu rem en ts  o f  t h e  m erc u ry  c o n t e n t  o f  h a i r  and  
n a i l  sa m p le s  w ere  c a r r i e d  o u t  on fe m a le  d e n t a l  s u r g e r y  
a s s i s t a n t s  u s i n g  a  s e n s i t i v e  m ethod o f  n e u t r o n  a c t i v a t i o n  
a n a l y s i s .  The r e s u l t s  o f  t h e s e  a n a l y s e s  showed t h a t  t h e  
m e rc u ry  c o n t e n t  i n  b o t h  f i n g e r  n a i l s  and  h e ad  h a i r  i n  t h i s  
g roup  was much g r e a t e r  t h a n  i n  t h e  c o n t r o l  g ro u p ,  and  c o u ld  
c o n s t i t u t e  a  p o s s i b l e  h a z a r d  t o  h e a l t h .
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ESTIMATION OE MERQUBY IN HUMAN ENAMEL
BY ACTIVATION ANALYSIS
M ercu ry  i s  fo u n d  i n  a l l  human t i s s u e s  i n  t r a c e  am ounts .
The h i g h e s t  c o n c e n t r a t i o n  i s  fo u n d  i n  t h e  k id n e y s  f o l lo w e d
by  t h e  l i v e r  and s p l e e n  and  t h e r e  i s  e v id e n c e  t h a t  m ercu ry
( 1 )c a n  be  s t o r e d  i n  t h e  b o n e s .  '  I t  was t h e  p u rp o s e  o f  t h e
p r e s e n t  s t u d y  t o  d e te r m in e  t h e  m erc u ry  c o n t e n t  of. human
. ( 2 )
enam el u s i n g  a  s e n s i t i v e  m ethod o f  a c t i v a t i o n  a n a l y s i s .
S in c e  t h e  i n t r o d u c t i o n  o f  s i l v e r  amalgam a s  a  r e s ­
t o r a t i v e  m a t e r i a l ,  t h e  p r e s e n c e  o f  m e rc u ry  i n  t h e  t i s s u e s  
h a s  g iv e n  r i s e  t o  much d i s c u s s i o n  b e c a u s e  o f  i t s  t o x i c  
p r o p e r t i e s .  F r y k h o l m ^  h a s  s t a t e d  t h a t  m erc u ry  v a p o u r  
may be  g iv e n  o f f  from  d e n t a l  amalgam from  t h e  t im e  o f  i t s  
i n s e r t i o n  i n t o  t h e  t o o t h  c a v i t y  u n t i l  i t  i s  s e t ,  t h a t  i s ,  
u n t i l  t h e  m erc u ry  i s  bound  i n t o  t h e  s t a b l e  p h a s e  o f  amalgam. 
He c o n s i d e r s  t h a t  t h e r e  i s  a  s h o r t  e x p o su re  t o  m e rc u ry ,  
d u r i n g  t h i s  s e t t i n g  p e r i o d ,  o f  t h e  o r d e r  o f  0 . 0 2 - 0 .2 0  mg.
Hg/m3 .
M ercury  c o n s i s t s  o f  a  m ix tu re  o f  many i s o t o p e s .
A f t e r  i r r a d i a t i o n ,  t h e  two i s o t o p e s  m ost s u i t a b l e  f o r  
m easu rem en t a r e  ^ ^ H g  ( n , y )  ^ ^ H g  w i t h  a  h a l f - l i f e  o f  65 
h o u r s  and  202Hg ( n  , y )  2° 5Hg w i th  a  h a l f - l i f e  o f  4 ?  d a y s .  
The th e r m a l  n e u t r o n  c a p t u r e  f o r  ^ ^ H g  i s  4 . 5  b a r n s  and 
f o r  ^03jjg b a r n s .  B ecause  o f  i t s  l o n g e r  h a l f - l i f e
a n d  g r e a t e r  e a s e  o f  c o u n t i n g ,  205Hg was u se d  i n  thrxs s t u d y .  
T h is  i s o t o p e  e m i t s  0 r a y s  w i t h  a  maximum e n e rg y  o f  0 .2 0 8  MeV 
and r a y s  o f  0 .2 7 9  MeV.
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M a te r ia l s  and Methods
Enamel sa m p le s  w ere  o b t a i n e d  from  f o r t y  sound  e x t r a c t e d  
p e rm a n e n t  human t e e t h  w h ic h  w ere  f r e e  from  enam el d e f e c t s .  
None o f  t h e  t e e t h  i n  t h i s  g roup  was i n  d i r e c t  c o n t a c t  e i t h e r  
a p p r o x im a l ly  o r  o c c l u s a l l y  w i t h  t e e t h  c o n t a i n i n g  amalgam 
f i l l i n g s .  I n  t h i s  way, d i r e c t  c o n ta m in a t io n  o f  t h e  enamel 
w i t h  m e rc u ry  from  amalgam was a v o id e d  a s  f a r  a s  p o s s i b l e .
The age o f  t h e  p a t i e n t  and t h e  p o s i t i o n  o f  t h e  t o o t h  i n  th e  
a r c h  w ere  n o t e d  i n  e a c h  c a s e .  The p r o x i m i t y  o f  t e e t h  con­
t a i n i n g  amalgam f i l l i n g s  was a l s o  n o t e d .  Twelve u n e ru p te d  
t e e t h  w h ic h ,  on c l i n i c a l  e x a m in a t io n ,  showed no communica­
t i o n -  w i t h  t h e  o r a l  c a v i t y  w ere  a l s o  u s e d .  A f u r t h e r  s e r i e s  
o f  enam el sa m p le s  was t a k e n  from  se v e n  sound  t e e t h  w h ich  were 
i n  d i r e c t  a p p ro x im a l  c o n t a c t  w i t h  t e e t h  c o n t a i n i n g  s i l v e r  
amalgam f i l l i n g s .
The crow n o f  e a c h  t o o t h  was w ashed i n  d i s t i l l e d  w a te r  
a n d  s e c t i o n e d  a c r o s s  a t  m idcrown l e v e l  u s i n g  a  Carborundum  
d i s c .  The enam el t h i c k n e s s  a t  t h i s  l e v e l  was m easu red  and 
t h e n  d i v i d e d  i n t o  an  o u t e r  and i n n e r  enam el l a y e r  by  means 
o f  a  c u t t i n g  d i s c  on a  m ic ro m e te r  g a u g e .  A f r e s h  c u t t i n g  
d i s c  was u s e d  when c u t t i n g  e a c h  s e c t i o n  t o  a v o id  c o n ta m in a ­
t i o n .  C are  was t a k e n  when c u t t i n g  t h e  i n n e r  enam el l a y e r  
t o  e n s u r e  t h a t  no c o n ta m in a t io n  w i t h  d e n t i n e  o c c u r r e d .
M ethod o f  A n a l y s i s
Twenty m i l l i g r a m  s e c t i o n s  o f  t o o t h  enam el were w eighed  
i n t o  a lum in ium  o r  s i l i c a  t u b e s  w h ich  w ere s e a l e d .  The 
s a m p le s  were i r r a d i a t e d  w i t h  t h e r m a l  n e u t r o n s  f o r  1 week a t
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12 2 
10 n e u t r o n s  p e r  cm . About 1 mg. o f  m e t a l l i c  m ercu ry  was
a c c u r a t e l y  w eighed  and  s e a l e d  i n  a  s i l i c a  am poule . T h is
was i r r a d i a t e d  a t  t h e  same t im e  and em ployed a s  a  s t a n d a r d .
I t  was d i l u t e d  as  n e c e s s a r y  t o  g iv e  a  c o u n t  r a t e  co m p arab le
w i t h  t h e  sa m p le s  and  was p r o c e s s e d  e x a c t l y  a s  t h e  enam el
sample.
A f t e r  i r r a d i a t i o n ,  t h e  sa m p le s  w i t h  10 mg. c a r r i e r  
m e rc u ry  w ere d i g e s t e d  i n  2 m l. o f  a  m ix tu re  o f  n i t r i c  a c i d  
(16N) and  s u l p h u r i c  a c i d  (36N) i n  r a t i o  o f  one t o  o n e .  
G o n ic a l - b o t to m e d  f l a s k s  o f  25 m l. c a p a c i t y  and w i t h  6 - i n c h  
n e c k s  w ere  u s e d  f o r  t h e  d i g e s t i o n .  When d i g e s t i o n  was 
c o m p le t e ,  t h e  a c i d  s o l u t i o n  was t r a n s f e r r e d  t o  a  50 m l. 
c e n t r i f u g e  tu b e  and n e u t r a l i z e d  w i t h  sod ium  h y d ro x id e
s o l u t i o n  (5 N ) . I t  was made a c i d  by  a d d in g  3 d ro p s  o f
n i t r i c  a c i d  (16N) and d i l u t e d  t o  10 m l. A f t e r  h e a t i n g  on 
a  w a te r  b a t h  f o r  a  few  m in u te s ,  t h e  m e rc u ry  was p r e c i p i t a t e d  
a s  t h e  m e ta l  by a d d in g  2 m l. o f  a b s o r b i c  a c i d  s o l u t i o n  
(1 p e r  c e n t  w / v ) . T h is  p r e c i p i t a t e  was c e n t r i f u g e d  and 
w ashed  w e l l  w i t h  w a te r  and t h e n  a c e to n e .  The l a s t  t r a c e s  
o f  a c e to n e  were rem oved by  h e a t i n g  f o r  a  m in u te  o r  two on a 
b o i l i n g  w a te r  b a t h .  A p p ro x im a te ly  10 d ro p s  o f  n i t r i c  a c i d  
(16N) w ere added  to  d i s s o l v e  t h e  d ry  m erc u ry  w h ic h  was t h e n
d i l u t e d  t o  a b o u t  10 m l. One m l.  o f  s i l v e r  n i t r a t e  s o l u t i o n
( p e r  c e n t  w /v )  was add ed  t o  the. m erc u ry  s o l u t i o n  and w e l l  
m ix e d .
The s i l v e r  was p r e c i p i t a t e d  by  a d d in g  2 m l. o f  sodium  
i o d i d e  s o l u t i o n  (10  p e r  c e n t  w /v ) ,  t h e  r e s u l t i n g  s o l u t i o n  
c e n t r i f u g e d  o r  f i l t e r e d  to  o b t a i n  t h e  s u p e r n a t a n t  and th e  
p r e c i p i t a t e  r e j e c t e d .  The s o l u t i o n  was n e u t r a l i z e d  w i th
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T ab le  1
M ercu ry  i n  I n n e r  and  O u te r  Enamel L a y e rs  o f  U n e ru p te d  Perm­
a n e n t  T e e th
Age T o o th Enamel M ercury(ppm)
82 87 I n n e r 1 .1 1
O u te r 0 .1 0
23 / 8 I n n e r 0 .1 0
O u te r 0 .1 0
51 / 8 I n n e r 0 .1 0
O u te r 0 .1 0
12 5 / I n n e r 0 .1 0
O u te r 0 .1 0
49 1 / I n n e r 3 .4 6
O u te r 0 .1 0
21 /s I n n e r 0 .1 0
O u te r 0 .1 0
41 IA I n n e r 0 .1 0
O u te r 0 .1 0
ammonia (10  p e r  c e n t  v / v )  t o  congo r e d  e n d - p o i n t  and 3 m l. 
c o p p e r  e th y l e n e d ia m in e  com plex  a d d e d .  T h is  com plex  was 
p r e p a r e d  by  m ix in g  one p a r t  o f  c o p p e r  s u l p h a t e  s o l u t i o n  (10 
p e r  c e n t  w /v )  w i t h  10 p a r t s  o f  1 :2  e th y le n e d ia m in e  (10  p e r  
c e n t  w / v ) .  The m erc u ry  was p r e c i p i t a t e d  a s  c o p p e r  e t h y l e n e ­
d i  amine m e rc u ry  i o d i d e  w h ich  was t h e n  w ashed w e l l  w i t h  w a te r  
and  i s o p r o p y l  a l c o h o l .  The a c t i v i t y  was d e t e c t e d  u s i n g  a  
s c i n t i l l a t i o n  c o u n t e r .  The p r e c i p i t a t e  was s l u r r i e d  on t o  
w e ig h ed  s t a i n l e s s  s t e e l  p l a n c h e t s  w i th  i s o p r o p y l  a l c o h o l  and 
a  c o m p a r is o n  made b e tw ee n  th e  r e c o v e r i e s  and t h e  c o u n t  r a t e s  
o f  t h e  sa m p le s  w i t h  t h e  p r o c e s s e d  s t a n d a r d .  A l l  r e a g e n t s  
w ere  "A n a la r"  g r a d e .
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T ab le  2
M ercu ry  i n  I n n e r  and O u te r  Enamel L a y e rs  o f  E r u p te d  P e r ­
m anent T e e th
Age
O u te r
L ay er
(ppm)
I n n e r
L ay er
(ppm)
Age
O u te r
L ayer
(ppm)
I n n e r
L ayer
(ppm)
78 0 .8 1 0 .1 4 9 2 .1 3 2 .6 1
14 4 .2 4 2 .1 7 21 3 .5 5 2 .9 0
63 2 .1 2 1 .0 6 41 2 .7 9 1 .4 0
38 2 .0 7 12.70 20 1 0 .0 0 2 .7 4
13 5 .8 0 4 .4 8 17 0.50 0 .5 6
9 1 6 .0 0 8 .2 5 20 3 .7 4 2 .4 3
13 1 .6 8 2 .8 5 20 3 .7 4 1 .2 2
37 2.72 1 .7 4 3 2 .6 1 0 .8 4
11 3 .5 0 2 .8 9 14 0 .3 4 0 .6 8
14 3 .4 9 0 .7 9 21 0 .9 5 0 .8 0
13 3 .4 8 0.72 12 0 .6 8 0 .9 0
23 10.90 2 .7 9 13 0.72 1 .3 4
33 3 .41 1 .4 8 11 0.30 0 .2 7
21 4 .9 0 1 .6 7 13 4 .1 0 2 .7 8
R e s u l t s
The m e rc u ry  c o n t e n t  o f  t h e  u n e r u p te d  t e e t h  (T a b le  1 ) ,  
■with two e x c e p t i o n s ,  was l e s s  t h a n  0 .1  ppm. T h is  f i g u r e  
i s  j u s t  w i t h i n  t h e  l i m i t s  o f  m easurem ent o f  t h e  m ethod . I  
t h e  e r u p t e d  t e e t h  (T a b le  2 ) t h e  mean m erc u ry  c o n t e n t  was 
2 .6 1  ppm. and  t h e  m ed ian  2 .0 7  ppm. S m all  d i f f e r e n c e s  were 
fo u n d  b e tw ee n  t h e  o u t e r  and i n n e r  l a y e r s  o f  t h e  enam el o f  
t h e  e r u p t e d  t e e t h .  The mean o f  t h e  o u t e r  enam el l a y e r  was
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2 .7 9  ppm. w i t h  a  m ed ian  o f  2 .1 5  ppm ., w h i le  t h e  mean o f  t h e  
i n n e r  enam el l a y e r  was 2.34- ppm. w i t h  a  m ed ian  o f  1 .0 6  ppm.
The r a n g e  o f  d i s t r i b u t i o n  o f  t h e  m erc u ry  i n  t h e  
enam el o f  t h e  e r u p t e d  t e e t h  i s  shown i n  F ig u r e  1 .
I n  e r u p t e d  t e e t h  w here  t h e  enam el was i n  im m ed ia te  
c o n t a c t  w i t h  s i l v e r  amalgam, t h e  m erc u ry  c o n t e n t  was much 
h i g h e r ,  r a n g i n g  from  153 t o  1 ,2 0 0  ppm. f o r  t h e  i n n e r  enam el 
l a y e r  and  from  279 t o  1 ,6 0 0  ppm. f o r  t h e  o u t e r  enam el 
l a y e r  (T a b le  3)*
T a b le  3
M ercu ry  i n  enam el o f  e r u p t e d  t e e t h  i n  im m ed ia te  c o n t a c t
w i t h  s i l v e r  amalgam
Age T o o th I n n e rEnamel
O u te r
Enamel
9 / e 286 279
11 / 5 850 1 ,2 6 0
12 690 730
13 47 656 1,290
21 54-1 1 ,6 0 0
20 77 1 ,2 0 0 1 ,3 4 0
33 57 153 341
D i s c u s s io n
The m erc u ry  c o n t e n t  o f  t h e  enam el o f  u n e ru p te d  t e e t h  
i s  J u s t  w i t h i n  t h e  l i m i t s  o f  m easu rem en t d e t e c t i o n .  I n  
t h e  two c a s e s  w here  t h e  m erc u ry  c o n t e n t  was h i g h e r  i t  i s  
p o s s i b l e  t h a t  some co m m u n ica tio n  e x i s t e d  b e tw ee n  t h e  t o o t h  
and  t h e  o r a l  c a v i t y .  The h i g h e r  m erc u ry  c o n t e n t  o f  t h e
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enam el o f  e r u p t e d  t e e t h  c a n  be  a t t r i b u t e d  t o  t h e  c o n ta m in a ­
t i o n  i n  t h i s  enam el o f  m erc u ry  e i t h e r  from  m erc u ry  v ap o u r  
d u r i n g  t h e  s e t t i n g  p h a se  o f  amalgam o r  by  m i g r a t i o n  o f  
m e rc u ry  i o n s  from  e x i s t i n g  amalgam f i l l i n g s .  I n  t e e t h  
w h ic h  w ere i n  d i r e c t  c o n t a c t  w i t h  s i l v e r  amalgam f i l l i n g s ,  
t h e  h i g h e r  m e rc u ry  c o n t e n t  may be due t o  d i r e c t  and  con ­
t i n u o u s  m i g r a t i o n  o f  m e rc u ry .
Summary
U s in g  a c t i v a t i o n  a n a l y s i s ,  t h e  m erc u ry  c o n t e n t  o f  th e
i n n e r  and o u t e r  enam el l a y e r  o f  i n d i v i d u a l  t e e t h  was e s t i ­
m a te d .  I n  f o r t y  sound  e r u p t e d  t e e t h ,  a  mean v a l u e  o f  2 .7 9  
ppm. was o b t a i n e d  f o r  t h e  o u t e r  enam el l a y e r  and 2 .3 4  ppm. 
f o r  t h e  i n n e r  enam el l a y e r .  I n  s e v e n  u n e r u p te d  t e e t h  t h e  
m e rc u ry  c o n t e n t  o f  t h e  enam el was o f  t h e  o r d e r  o f  0 .1  ppm. 
Enam el o f  t e e t h  i n  c o n t a c t  w i t h  s i l v e r  amalgam f i l l i n g s  had 
m e rc u ry  c o n t e n t s  r a n g i n g  from  153 t o  1 ,6 0 0  ppm.
REFERENCES
1 . Young, A .G .,  T a y l o r ,  F . H . L . , and M e r r i t t ,  H.H.
The D i s t r i b u t i o n  and  E x c r e t i o n  o f  M ercu ry . 
A rch . Derm. Syph . ( C h i c . )  21 : 5 3 9 -5 7 ,  1930.
2 .  S m i th ,  H.
The E s t i m a t i o n  o f  M ercury  i n  B i o l o g i c a l  
M a t e r i a l  by  A c t i v a t i o n  A n a l y s i s .
A n a l .  Ghem. , 35 : 6 3 5 -3 0 ,  1963-
3 .  F ry k h o lm , K.O.
M ercu ry  fro m  D e n ta l  Amalgam.
A c ta  o d o n t .  S c a n d . 15 : 33 (S u p p l .  2 2 ) .
per
 c
en
t 
Sa
m
pl
es
.
TOTAL ENAMEL INNER ENAMEL OUTER ENAMEL
80
60
40
20
a b e d a  b  c d a b c d
Fig. 1 .--R an ge of mercury concentration in enamel samples: a, 0.00-1.49 ppm; (>, l.nO 2.99 ppm; c, 
3 .00-4 .40  ppm: rf, over 4.50 ppm.
- 66 -
P A P E R  7
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STRONTIUM90 UPTAKE IN THE DECIDUOUS AND PERMANENT 
TEETH OF CHILDREN IN THE WEST OF SCOTLAND
A s i g n i f i c a n t  u p ta k e  o f  t h e  r a d i o a c t i v e  i s o t o p e  
s t r o n t i u m -90  by  t h e  m i n e r a l i z i n g  t i s s u e s  h a s  b e e n  e v i d e n t  
s i n c e  1955* The l e v e l  o f  t h e  u p ta k e  i s  r e l a t e d  t o  t h e  
c o n c e n t r a t i o n  o f  t h i s  e le m e n t  i n  t h e  d i e t  and  i s  a  c o n s e ­
q u en ce  o f  a tm o s p h e r ic  c o n ta m i n a t i o n  from  t h e  p r o d u c t s  o f  
n u c l e a r  f i s s i o n .  M easu rem en ts  o f  t h e  c o n c e n t r a t i o n  o f  
s t r o n t i u m - 9 0  i n  t e e t h  have  b e e n  g iv e n  by  B r y a n t ,  H end erso n  
a n d  H o lg a te  ( i 9 6 0 )  and a g a i n  by  S t a r k e y ,  B ry a n t  and 
H e n d e rso n  ( 1 9 6 4 ) .  No a t t e m p t  was made i n  t h e s e  s t u d i e s  t o  
l i m i t  t h e  a n a l y s i s  o f  t e e t h  t o  a  p a r t i c u l a r  g e o g ra p h ic  a r e a .  
I n  t h i s  s t u d y  i t  was p ro p o s e d  t o  d e te r m in e  t h e  l e v e l s  o f  
s t r o n t i u m —90 t h e  d e c id u o u s  and  p e rm a n e n t  t e e t h  o f  
c h i l d r e n  i n  Glasgow and  i t s  im m ed ia te  e n v i r o n s .
T o o th  Sam ples  f o r  A n a ly s i s
D ec id u o u s  and  p e rm a n e n t  t e e t h  w ere  c o l l e c t e d  from  
c h i l d r e n  known t o  have s p e n t  a l l  t h e i r  y e a r s  i n  Glasgow.
O nly  sound  t e e t h  w ere  u s e d  f o r  a n a l y s i s  a s  c a r i e s  would  
p r o d u c e  d e c a l c i f i c a t i o n  o f  t h e  t e e t h  w i t h  a  p o s s i b l e  e f f e c t  
on t h e  c a l c iu m  t o  s t r o n t i u m -90  r a t i o .
The sa m p le s  f ro m  e a c h  g roup  w ere p o o le d  t o  p r o v id e  
s u f f i c i e n t  m a t e r i a l s  f o r  a n a l y s i s .  Whole t e e t h  w ere u se d  
f o r  a n a l y s i s  and  no a t t e m p t  was made t o  s e p a r a t e  t h e  crown 
from  t h e  r o o t  p o r t i o n .
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A n a ly t ic a l  Method
The m ethod o f  a n a l y s i s  was t h a t  o f  P a r k e r ,  H en derson  
and  S p i c e r  (1 9 6 5 ) .  T e e th  sam p le s  were w e ig h ed , t h e n  d i s s o l ­
v e d  i n  n i t r i c  a c i d  and  an a l i q u o t  o f  t h e  s o l u t i o n  rem oved 
f o r  c a lc iu m  and s t a b l e  s t r o n t i u m  d e t e r m i n a t i o n s .  S t r o n t iu m  
and b a r iu m  c a r r i e r  s o l u t i o n s  were added  t o  th e  r e m a in d e r  
o f  t h e  a c i d  s o l u t i o n  and t h e  a l k a l i n e  e a r t h s  p r e c i p i t a t e d  
a s  o x a l a t e s .  T h is  p r e c i p i t a t e  i s  decom posed u s i n g  n i t r i c  
and  p e r c h l o r i c  a c i d s  b e f o r e  s t r o n t i u m  w i t h  c a lc iu m  and 
b a r iu m  i s  r e p r e c i p i t a t e d  as  c a r b o n a t e .  N i t r i c  a c i d  s e p a r a ­
t i o n s  a r e  c a r r i e d  o u t  t o  remove t h e  c a lc iu m  and i s o l a t e  th e  
s t r o n t i u m .  B arium  t o g e t h e r  w i t h  any ra d iu m  and i t s  
a s s o c i a t e d  r a d i o n u c l i d e s  i s  rem oved by  c h ro m a te  p r e c i p i t a ­
t i o n ,  b e f o r e  f i n a l l y  p r e c i p i t a t i n g  t h e  s t r o n t i u m  a s  c a r ­
b o n a t e .  A f t e r  a  p e r i o d  o f  a b o u t  14 d a y s  t o  a l lo w  th e  
s t r o n t i u m -90  t o  come t o  e q u i l i b r i u m  w i t h  i t s  d a u g h te r  
y t t r i u m - 9 0 , a s s a y  o f  t h e  a c t i v i t y  i s  made u s i n g  a  low b a c k ­
g ro u n d  c o u n t i n g  u n i t  (Rowan and  S te v e n s o n ,  1 9 6 0 ) .
C a lc iu m  i s  d e te r m in e d  by  a  m ethod o f  M cIn ty re  (1961) 
and  u s i n g  a  Z e i s s  s p e c t r o p h o to m e te r  w i t h  f lam e  a t t a c h m e n t .  
S t a b l e  s t r o n t i u m  i s  d e te r m in e d  u s i n g  t h e  same in s t r u m e n t  
and  b y  an  a d d i t i o n a l  s t a n d a r d  m ethod o f  H a r r i s o n  (1 9 5 8 ) .
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R e s u l t s
The s t ro n t iu m - -90 v a l u e s  f o r  whole t e e t h  a r e  g iv e n  i n  
T a b le  1 .
T a b le  1
Sam ple
number Age
Sample
W eight — x10^ Ca
9° S r / 0 a
p c / g S .D .
T3 8y (d ) 1 4 . 8g 297 3 .2 0 .1 5
4 8 (p ) 1 9 .7 5 320 2 .7 0 .1 5
5 7y 1 7 .2 5 256 3 .8 0 .1
6 9 1 0 .9 183 1 .3 5 0 .0 7
7 10 1 1 .0 291 1 .5 0 .0 6
8 11 6 .9 201 0 .9 5 0 .1
9 6 2 2 .9 218 2 .9 0.03
10 5 (d ) 2 . 7 292 4 .5 0 . 4
13 4  (d ) 1 .8 6 252 2 .2 0 . 4
14 12 7 .2 354 2 .0 0 .1
13 5 (a) 1 2 .9 157 3 .3 0 .0 8
16 6 2 4 .3 196 2 .8 5 0.05
17 7 1 3 .4 245 3 .0 5 0.07
18 8 1 1 .5 273 2 .1 0 .0 7
19 9 2 .3 227 1 .1 5 0 .2 5
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D i s c u s s i o n
The r e s u l t s  o f  w hole  t e e t h  a n a l y s i s  i n d i c a t e  t h a t  t h e  
l e v e l s  o f  s t r o n t i u m - 90 i n  w hole  t e e t h  from  t h e  West o f  
S c o t l a n d  a r e  h i g h e r  t h a n  t h o s e  g iv e n  by  S t a r k e y ,  B ry a n t  and 
H e n d e rso n  (1 9 6 4 )  w h ich  r a n g e d  from  0.17  -  0 .9  Sr p c / g  Cu.
A c o m p a r is o n  o f  t h e  l e v e l s  i s  g iv e n  w i t h  t h e  196 3 -64  t a b l e s  
f o r  ^ S r  i n  bone i n  G lasgow (T a b le  2 ) .
Even w i t h  t h i s  i n c r e a s e  i n  l e v e l s  o f  ^ S r  i n  t h e  t e e t h  
t h e r e  i s  no e v id e n c e  a v a i l a b l e  t o  i n d i c a t e  t h a t  t h e s e  l e v e l s  
o f  c o n ta m i n a t i o n  a r e  d a n g e r o u s .  S t r u c t u r a l  d i f f e r e n c e s  
b e tw e e n  t e e t h  and  bone  make i t  d i f f i c u l t  t o  r e l a t e  s t r o n t i u m -  
90 l e v e l s  i n  bone and  i n  t e e t h .  The c o n c e n t r a t i o n  o f  
c a l c iu m  in '  t e e t h  i s  h i g h e r  t h a n  t h a t  o f  bone and w i th  
e q u i v a l e n t  v a l u e s  t h e  amount o f  s t r o n t i u m -90  p e r  gram o f  
t o o t h  i s  g r e a t e r  t h a n  t h e  amount o f  s t r o n t i u m -90  p e r  gram o f  
bone  by  a  f a c t o r  o f  a b o u t  2 . 3  ( B r y a n t ,  1 9 6 4 ) .  I n  a d d i t i o n  
a s  t h e  l e v e l s  o f  s t r o n t i u m - 90 i n  fo o d  s t u f f  v a r y  so would 
t h e  l e v e l s  i n  b o n e .  W hereas t h e  c o n c e n t r a t i o n  o f  s t r o n t i u m -  
90 i n  t e e t h  w ould  re m a in  a t  t h e  l e v e l  o r i g i n a l l y  l a i d  down 
a t  t h e  t im e  o f  c a l c i f i c a t i o n .
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INHALATION OF OIL PARTICLES FROM AIR 
TURBINE HANDPIECES
The a i r  t u r b i n e  h a n d p ie c e  i s  now a c c e p te d  as  s t a n d a r d  
e q u ip m e n t  i n  t h e  d e n t a l  s u r g e r y .  By i t s  u s e ,  t o o t h  
s t r u c t u r e  c a n  b e  rem oved more r a p i d l y  and p a t i e n t  d i s c o m f o r t  
r e d u c e d  t o  a  minimum. U n f o r t u n a t e l y ,  a  number o f  s i d e  
e f f e c t s  have  r e s u l t e d  fro m  t h e  u se  o f  t h e s e  h a n d p ie c e s ,  one 
o f  w h ic h  h a s  b e e n  a  c o m p la in t  by  d e n t i s t s  o f  a  g r e a t e r  
t e n d e n c y  t o  u p p e r  r e s p i r a t o r y  i n f e c t i o n .  As a  p r o p h y l a c t i c  
m e a s u re ,  many o p e r a t o r s  now w ear p r o t e c t i v e  f a c e  m asks.
I n  o p e r a t i o n ,  t h e  a i r  t u r b i n e  h a n d p ie c e  form s an 
a e r o s o l  c o n s i s t i n g  o f  d r o p l e t s  o f  o i l  and w a t e r .  When 
c a v i t i e s  a r e  b e in g  p r e p a r e d  i n  t h e  m outh , t h i s  a e r o s o l  may 
c o n t a i n ,  i n  a d d i t i o n ,  t o o t h  d e b r i s  and m ic r o - o r g a n i s m s .
A r e p o r t  by  K a z a n t z i s  (1 961 )  h a s  s t a t e d  t h a t ,  d u r in g  
c a v i t y  p r e p a r a t i o n ,  t h e  amount o f  r e s p i r a b l e  d u s t  i s  s m a l l ,  
e s p e c i a l l y  when u s i n g  a  w a te r  j e t ,  and t h a t  t h e r e  do es  n o t  
a p p e a r  t o  be  any g r e a t e r  r i s k  o f  b a c t e r i a l  c o n ta m in a t io n  
w i t h  t h e  u se  o f  t h e  a i r  t u r b i n e  h a n d p ie c e  t h a n  w i t h  con­
v e n t i o n a l  h a n d p ie c e s .  How ever, i n  a  c o m p a ra t iv e  s tu d y  o f  
a e r o s o l s  g e n e r a t e d  by  c o n v e n t io n a l  and  a i r  t u r b i n e  h and­
p i e c e s  w h i le  c u t t i n g  t o o t h  s t r u c t u r e ,  Madden and H a u s le r  
( 1963 ) fo u n d  t h a t  a  g r e a t e r  c o n c e n t r a t i o n  o f  a e r o s o l s  o c c u r r ­
ed  w i t h  t h e  a i r  t u r b i n e  t h a n  w i t h  t h e  c o n v e n t io n a l  h a n d p ie c e .
The i n h a l a t i o n  o f  o i l s  i n  t h e  p r o d u c t i o n  o f  human 
d i s e a s e  was e x t e n s i v e l y  s t u d i e d  by  P i n k e r t o n  (1 9 2 8 ) .  He 
found t h a t  d i f f e r e n t  ty p e s  o f  o i l ,  su c b  a s  m in e r a l  o r  
v e g e t a b l e ,  p ro d u c e d  a  d i f f e r e n t  r e a c t i o n  w i t b i n  t h e  l u n g .
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I n  g e n e r a l ,  t h e  r e a c t i o n  o f  t h e  lu n g  t i s s u e s  t o  t h e  p r e s e n c e  
o f  i r r i t a t i n g  o i l y  s u b s t a n c e s  i s  c h a r a c t e r i s t i c a l l y  m acro- 
p h a g ic  and  p r o l i f e r a t i v e .  The e x t e n t  o f  t h e  l e s i o n s  and 
d e g r e e  o f  f i b r o s i s  p ro d u c e d  a r e  m a in ly  d e te rm in e d  by  t h e  
q u a n t i t y  and  c h e m ic a l  c o n s t i t u t i o n  o f  t h e  o i l  w hich  i s  
i n t r o d u c e d  i n t o  t h e  p a re n ch y m a . O i l s  w hich  c a u se  t h e  
g r e a t e s t  r e a c t i o n  a r e  t h e  m in e r a l  o i l s ,  w h i le  i n  g e n e r a l  
t h e  m a j o r i t y  o f  v e g e t a b l e  o i l s ,  su c h  as  o l i v e  o i l ,  may c a u se  
l i t t l e  r e s i d u a l  f i b r o s i s .  S p e n c e r  ( 1962) h a s  s t a t e d  t h a t  
t h e  m a j o r i t y  o f  v e g e t a b l e  o i l s  become e m u l s i f i e d  and a r e  n o t  
h y d r o l y s e d  by  t h e  lu n g  l i p a s e s .  They a r e  m a in ly  e x p ec ­
t o r a t e d  c a u s i n g  l i t t l e  o r  no r e s i d u a l  damage.
One i m p o r t a n t  f a c t o r  i n  d e te r m i n i n g  w h e th e r  t h e  
i n h a l e d  o i l  r e a c h e s  t h e  l u n g  a l v e o l i  o r  n o t  i s  t h e  s i z e  o f  
t h e  p a r t i c l e .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  maximum 
r e t e n t i o n  o f  o i l  p a r t i c l e s  t a k e s  p l a c e  when t h e  p a r t i c l e  
s i z e  i s  0 .5  t o  5 M n d i a m e t e r .  W hile p a r t i c l e s  o f  l e s s  
t h a n  0 .5  M- i n  d i a m e te r  t e n d  t o  be e x h a le d  a s  r e a d i l y  a s  t h e y  
a r e  i n h a l e d ,  t h o s e  o f  l e s s  t h a n  100 \i i n  d ia m e te r  a re  more 
l i k e l y  t o  f i n d  t h e i r  way i n t o  a i r  p a s s a g e s ,  i n c l u d i n g  th e  
a l v e o l i .
The d e fe n c e  m echanism s o f  t h e  r e s p i r a t o r y  t r a c t  a f f o r d  
a  c e r t a i n  amount o f  p r o t e c t i o n  from  i n h a l a t i o n  o f  a e r o s o l s .  
The l a r g e r  p a r t i c l e s  a r e  s to p p e d  by  t h e  h a i r s  o f  t h e  n a s a l  
c a v i t y ,  w h i le  s m a l l e r  p a r t i c l e s  w hich  p a s s  th r o u g h  i n t o  th e  
l a r y n x  and  p h a ry n x  may e x c i t e  th e  cough  r e f l e x  and  some w i l l  
be  e x p e l l e d .  B lan d  o i l s ,  h o w ev er ,  do n o t  e x c i t e  t h e  cough 
r e f l e x  and  o i l s  o f  t h i s  n a t u r e  may f lo w  r e a d i l y  from  t h e  
p h a ry n x  and  l a r y n x  i n t o  t h e  d e p e n d e n t  p a r t s  o f  t h e  lu n g s
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(A n d e rs o n ,  1 9 5 7 ) .  Some s m a l l e r  p a r t i c l e s  o f  t h e s e  o i l s  may 
he r e t a i n e d  i n  t h e  t r a c h e a  and b r o n c h i ,  w h i le  o t h e r s  p a s s  
t o  t h e  l u n g s .  A l th o u g h  th e  q u a n t i t y  o f  o i l  r e a c h i n g  th e  
p a re n c h y m a  a t  any one t im e  may be s m a l l ,  d a i l y  i n h a l a t i o n  
o f  an y  o i l  o v e r  a  p e r i o d  o f  t im e  may c a u se  a c c u m u la t io n .
I t  was t h e  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n  to  d e te rm in e  
i f  m e a s u r a b le  am ounts o f  o i l  a r e  i n h a l e d  from  a i r  t u r b i n e  
h a n d p i e c e s ,  by  b o t h  o p e r a t o r  and p a t i e n t  u n d e r  e x p e r im e n ta l  
c o n d i t i o n s  and t o  d e te r m in e  a l s o  i f  t h e  a tm o s p h e r ic  con­
c e n t r a t i o n  o f  t h e s e  o i l s  i n  t h e  s u r g e r y  was s i g n i f i c a n t .
M a t e r i a l s  and  M ethods
An a r t i f i c a l  lu n g  u n i t  was c o n s t r u c t e d  t o  s i m u la t e  
n o rm a l  r e s p i r a t i o n  ( F i g s .  1 and  2 ) .  R e g u la t i o n  o f  t h e  
r e s p i r a t o r y  r a t e  was c o n t r o l l e d  e l e c t r o n i c a l l y  by  t h e  
c i r c u i t  shown i n  F ig u r e  3» A ir  was draw n th r o u g h  th e  
f i l t e r  (F )  by  means o f  a  r e s p i r a t o r y  bag  f i l l e d  w i th  a i r  
u n d e r  n e g a t i v e  p r e s s u r e  s u p p l i e d  by  pump ( P ) .  P o s i t i v e  
p r e s s u r e  was s u p p l i e d  b y  n i t r o g e n  from  a  c y l i n d e r .  Two 
a u to m a t i c  s o l e n o i d  v a l v e s  were i n c o r p o r a t e d  i n t o  th e  p i p e ­
l i n e  t o  t h e  a r t i f i c i a l  l u n g ,  one v a lv e  (SV1 ) b e in g  c o n n e c te d  
t o  a  s o u r c e  o f  p o s i t i v e  p r e s s u r e ,  and th e  o t h e r  (SV2) t o  a 
s o u r c e  o f  n e g a t i v e  p r e s s u r e .  By e n e r g i s i n g  t h e  v a lv e s  
a l t e r n a t e l y ,  t h e  a r t i f i c i a l  l u n g  was i n f l a t e d  and d e f l a t e d  
a s  r e q u i r e d .  The t im i n g  se q u en c e  was c o n t r o l l e d  by  t h e  
t r a n s i s t o r  m u l t i v i b r a t o r  ( ^ , T2 ) .  The t im i n g  i m p u l s e s ,  
t h e  l e n g t h s  o f  w h ich  were s e t  a c c u r a t e l y  by means o f  
p o t e n t i o m e t e r s ,  (VR1 , VR2 ) w ere f e d  t o  d r i v e r  t r a n s i s t o r s
(T T ) w h ic h ,  i n  t u r n ,  g o v e rn e d  t h e  o p e r a t i o n  o f  t h e  
3 ’ 4
F ig .  1 A r t i f i c i a l  lung u n i t .
F ig .  2 A r t i f i c i a l  lung u n i t  showing f i l t e r .
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F ig .  3 C i r c u i t  f o r  a r t i f i c i a l  lu n g  u n i t .
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s o l e n o i d  v a l v e s .  The p i l o t  lam ps (LP^ , ■^2  ^ a  v i s u a l
i n d i c a t i o n  o f  t h e  t im i n g  c y c l e .  The power s u p p ly  was a  
b a s i c  m a i n s - o p e r a t e d  b r i d g e - r e c t i f i e r  u n i t  g i v in g  an o u tp u t  
o f  24 7 , 0 . 5  A. The r e s p i r a t o r y  r a t e  was c o n t r o l l e d  a t  16 
i n h a l a t i o n s  p e r  m in u te .  The r e s p i r a t o r y  volume o f  t h e  b ag  
m e a su re d  a  maximum o f  1 .3  l i t r e s / m i n u t e  a t  s t a n d a r d  tem p­
e r a t u r e  and  p r e s s u r e .  The f i l t e r  was p l a c e d  a t  a  d i s t a n c e  
o f  8 i n c h e s  from  t h e  m outh o f  th e  m a n n ik in .
A B orden  a i r  t u r b i n e  h a n d p ie c e  on a p o r t a b l e  m achine 
was u se d  t h r o u g h o u t  t h e  e x p e r im e n t .  The o i l - d r i p  f e e d  was 
c o n t r o l l e d  a t  t h e  recom m ended d r i p  r a t e  o f  26 d ro p s  p e r  
m in u te  and  t h e  w a te r  f lo w  a d j u s t e d  t o  2 m l.  p e r  m in u te .  On 
a c o u n t  t a k e n  o v e r  t h e  e x p e r i m e n t a l  p e r i o d  o f  3 m in u te s  
r u n n i n g  t i m e ,  t h e  o i l  d r i p  r a t e  v a r i e d  from  26 ± 3 d r o p s /  
m in u te .  The h a n d p ie c e  o p e r a t i o n a l  sp e e d  was m a in t a in e d  by 
c o n t r o l l i n g  t h e  a i r  p r e s s u r e  t o  4 2 .6  p . s . i .
A l l  e x p e r im e n t s  w ere  c a r r i e d  o u t  i n  t h e  same room , 
w h ic h  h ad  a  c u b ic  c a p a c i t y  o f  1,500  c u b ic  f e e t ,  and  t h e  
t e m p e r a t u r e  was m a in t a in e d  a t  68°F . The a p p a r a t u s  was 
f i x e d  i n  t h e  s u r g e r y  and e a c h  e x p e r im e n t  a l lo w e d  t o  r u n  f o r  
a  p e r i o d  o f  5 m in u te s .  D u r in g  t h e  a c t u a l  e x p e r i m e n t a l  
p e r i o d ,  t h e  r e s p i r a t o r y  volum e o f  t h e  b a g  was m a in t a in e d  a t  
1,000  m l . ,  w h ich  i s  a p p ro x im a te ly  tw ic e  t h e  t i d a l  v o lum e.
The a p p a r a t u s  was c o n t r o l l e d  fro m  t h e  o u t s i d e  o f  t h e  room 
t o  a v o id  i n h a l a t i o n  o f  r a d i o a c t i v e  m a t e r i a l .
I n  t h e s e  e x p e r im e n t s ,  t h e  h a n d p ie c e  was f i x e d  i n  th e  
m ou th  o f  t h e  m an n ik in  i n  a  p o s i t i o n  s i m i l a r  t o  t h a t  u s e d  i n  
p r e p a r i n g  c a v i t i e s .  I n  o t h e r  e x p e r im e n t s  t h e  h a n d p ie c e  was
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p l a c e d  a t  v a r y i n g  d i s t a n c e s  and p o s i t i o n s  from  t h e  m outh o f  
t h e  m a n n ik in  t o  s i m u la t e  t h e  d i s t a n c e  o f  a  h a n d p ie c e  from  
t h e  f a c e  o f  an o p e r a t o r  d u r in g  c a v i t y  p r e p a r a t i o n .  The 
d i r e c t i o n  o f  t h e  a e r o s o l  j e t  from  t h e  h a n d p ie c e  was v a r i e d .  
I n  t h i s  way, t h e  m a n n ik in  s i m u l a t e d  th e  p o s i t i o n  o f  t h e  
o p e r a t o r .
The f i l t e r  was p r e p a r e d  by  p l a c i n g  f o u r  l a y e r s  o f
d e n t a l  g a u ze  i n  t h e  f i l t e r  f u n n e l .  I t  was fo u n d  t h a t
g r e a t e r  r e p r o d u c i b i l i t y  o f  r e s u l t s  was o b t a i n e d  i f  t h e
gauze  f i l t e r  was l i g h t l y  c o a t e d  i n  u n l a b e l l e d  o i l  b e f o r e
p l a c i n g  i n  t h e  f i l t e r .  The f i l t e r ,  c o n n e c t in g  tu b e  and
m a n n ik in  w ere  c l e a n e d  w i t h  e t h e r  a f t e r  e a c h  f i v e - m i n u t e  r u n .
pS i m i l a r l y  p r e p a r e d  g auze  f i l t e r s  o f  40 cm. i n  a r e a  
w ere  p l a c e d  a t  d i f f e r e n t  l e v e l s  i n  f o u r  p o s i t i o n s  i n  t h e  
s u r g e r y  to  m easu re  t h e  a tm o s p h e r ic  d i s p e r s e m e n t  and s e t t l i n g  
o f  t h e  o i l .  Four gauze  p a d s  were u se d  f o r  e a c h  p o s i t i o n .
A f t e r  a  c o n t in u o u s  r u n n in g  t im e  o f  f i v e  m in u te s ,  one 
p a d  was rem oved from  e a c h  p o s i t i o n  and  exam ined  f o r  l a b e l l e d  
o i l .  T h is  p r o c e d u r e  was r e p e a t e d  a t  f i v e - m i n u t e  i n t e r v a l s  
u n t i l  a  t o t a l  o f  tw e n ty  m in u te s  c o n t in u o u s  r u n n in g  t im e  was 
o b s e r v e d .
The r a d i o a c t i v i t y  o f  t h e  o i l  i n  t h e  gauze  was c o u n te d  
b y  p l a c i n g  t h e  f o l d e d  gauze  i n  a  g l a s s  t e s t - t u b e  and c o u n t ­
i n g  i n  a  w e l l - t y p e  s c i n t i l l a t i o n  c o u n t e r .  The c o u n t  was 
c o r r e c t e d  a g a i n s t  t h e  s t a n d a r d  f o r  d e ca y  and b a c k g ro u n d .
O i l  L a b e l l i n g  T echn iq ue
A s t a n d a r d  com m erc ia l  o i l  w hich  c o n s i s t e d  o f  99 • 7 p e r  
c e n t  o l i v e  o i l  t o  w hich  had  b e e n  add ed  c i t r i c  a c i d ,
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p r o p y l g a l l a t e , b u t i l a t e d  h y d r o x y a n i s o le  t o  p r e v e n t  o x i d a t i o n  
and i n c r e a s e  t h e  v i s c o s i t y  was u s e d .  T h is  o i l ,  when p r e ­
p a r e d ,  was f i l t e r e d  t o  10 m ic ro n s .
The o i l  was l a b e l l e d  w i th  r a d i o a c t i v e  i o d in e  ( I ^ 2 )
by  a  t e c h n iq u e  recommended by  V e a l l  and V e t t e r  ( 1 9 5 8 ) .
132I  h a s  a h a l f - l i f e  o f  2 . 3  h o u r s  and was o b t a i n e d  a s  a
1 32d a u g h te r  p r o d u c t  o f  Te ^ w h ich  h a s  a  h a l f - l i f e  o f  s e v e n ty -
1 32s e v e n  h o u r s .  The Te ^ was washed w i t h  10 m l. N/100  
ammonium h y d r o x id e  t o  p ro d u c e  0 .5  me. i " ^ 2 , t o  w h ich  was 
a d d ed  20 m l.  o f  e t h e r .  To t h i s  was added  3 ml* KI 
(1 m g . /m l . )  s o l u t i o n ,  1 .5  m l.  £ 10^ (2 m g . /m l . )  s o l u t i o n  
and  0 .5  m l. 2N I^S O ^ . When t h i s  m ix tu r e  was a g i t a t e d  
g e n t l y ,  t h e  l i b e r a t e d  i o d i n e  p a s s e d  i n t o  t h e  e t h e r  l a y e r .
The c o lo u r e d  aqueou s  l a y e r  was rem oved w i t h  a  P a s t e u r  
p i p e t t e .  A c h l o r i n e  s o l u t i o n  i n  e t h e r  was added t o  t h e  
p u r p l e  i o d i n e  s o l u t i o n  u n t i l  i t  was d i s c o l o u r e d .  O i l  w hich  
h ad  b e en  d i s s o l v e d  i n  e t h e r ,was added  t o  t h e  i o d in e  mono­
c h l o r i d e  s o l u t i o n  so  fo rm ed  and l e f t  t o  s t a n d  f o r  one and a
132h a l f  h o u r s .  At t h i s  s t a g e ,  a b o u t  5 p e r  c e n t  o f  t h e  I  
was a t t a c h e d  t o  t h e  o i l .  The r e m a in in g  i n o r g a n i c  i o d i d e  was 
rem oved  b y  w ash in g  tw ic e  w i t h  a  few m i l l i l i t r e s  o f  an a l k a l i  
i o d i d e - t h i o s u l p h a t e  s o l u t i o n  (5  p e r  c e n t  W/V sodium  t h i o -  
s u l p h a t e  s o l u t i o n ,  5 p e r  c e n t  p o t a s s iu m  i o d i d e  and 1 p e r  
c e n t  sod ium  h y d ro x id e  i n  w a te r )  and t h e  aqueous l a y e r  
rem o v e d , f o l lo w e d  b y  a  f u r t h e r  w ash in g  w i th  w a t e r .  The 
w ashed  s o l u t i o n  was t r a n s f e r r e d  t o  an  oven and  t h e  e t h e r  
e v a p o r a t e d  o f f  a t  6 0 ° C. The l a b e l l e d  o i l  was t h e n  d i l u t e d
w i t h  AO m l. o f  u n l a b e l l e d  o i l  and p l a c e d  i n t o  t h e  c l e a n e d  
o i l  r e s e r v o i r  o f  t h e  m ach in e . 1 m l. o f  l a b e l l e d  o i l  was
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r e t a i n e d  a s  a s t a n d a r d .
P a r t i c l e  S iz e  D e te r m in a t io n
O i l  was s p r a y e d  from  t h e  h a n d p ie c e  on a  c l e a n  g l a s s  
s l i d e .  The d i a m e te r  o f  250 p a r t i c l e s  was m easu red  u s in g  
a m e a s u r in g  g r a t i c u l e  i n  t h e  eye  p i e c e  a t  a  m a g n i f i c a t i o n  
o f  4 0 0 . The volume o f  t h e s e  p a r t i c l e s  was c a l c u l a t e d  on th e  
a s s u m p t io n  t h a t  t h e  p a r t i c l e s  r e m a in e d  s p h e r i c a l .  A g ra p h  
o f  t h e  r e l a t i o n s h i p  b e tw e e n  t h e  volume and s i z e  was 
p r e p a r e d .
R e s u l t s
I n h a l a t i o n  o f  O i l  P a r t i c l e s
The r e s u l t s  o f  t h e  t e s t  p o s i t i o n s  o f  t h e  h a n d p ie c e  a r e  
p r e s e n t e d  i n  T a b le  1 . T hese  r e s u l t s  show t h a t  t h e  amount 
o f  o i l  fo u n d  on t h e  f i l t e r  v a r i e d  from  0 .0 1 8  m l. t o  0 .12  m l. 
p e r  h o u r .  The h i g h e s t  r e s u l t  ( 0 .1 2  m l . )  a p p e a r s  e x c e s s i v e  
i n  c o m p a r is o n  w i t h  t h e  o t h e r  f i g u r e s  and when t h e  e x p e r im e n t  
was r e p e a t e d  a t  t h e  same d i s t a n c e ,  a f i g u r e  o f  0 .0 3 4  m l. 
was o b t a i n e d .  From t h e  r e s u l t s  o f  t h e  s e t t l i n g  r a t e  o f  
t h e  p a r t i c l e s ,  i t  would  be e x p e c te d  t h a t  t h e  c o n c e n t r a t i o n  
o f  t h e  o i l  i n  t h e  r e g i o n  o f  t h e  m outh o f  t h e  m an n ik in  would 
i n c r e a s e  w i t h  r u n n in g  t im e .  The s m a l l e s t  c o n c e n t r a t i o n s  
o c c u r r e d  when t h e  h a n d p ie c e  was d i r e c t e d  away from  t h e  
m outh  and i n  a l l  c a s e s  w here t h e  h a n d p ie c e  was d i r e c t e d  
to w a rd s  t h e  m outh , t h e  amount o f  o i l  i n c r e a s e d .  S m a ll  
d i f f e r e n c e s  were o b s e rv e d  w i th  v a r i a t i o n s  i n  t h e  d i s t a n c e  
o f  t h e  h a n d p ie c e  from  t h e  m outh . The g r e a t e s t  f a c t o r  i n  
p r o d u c in g  d i f f e r e n c e s  was th e  d i r e c t i o n  o f  t h e  h a n d p ie c e  -
A
m
ou
nt
s 
of 
Oi
l 
In
ha
le
d 
w
ith
 
V
ar
ia
ti
on
 
in 
H
an
dp
ie
ce
 
P
o
si
ti
o
n
- 81 -
•H 'X . 
-P  rH 0 *H 
H  O0
H 0
COONKMA
o  o
LA
O
oo ca V IA •3-
■3* [A A OJ K \o
•
o
•
o
•
O• V• O•
•d
ucd p  
d  0 
p 
o  
-P  o  CO
s
o  o  
o  o  vo** r*
A-COo  oo
V
o
§
OJ
ca
VO
LA
v O
#*
A-
c o
o O O 00 o
O J oo O J o
A - o A o v o
r» c*
C V J ■3 - O J v ~(A oo 00 A - v O
V " v ~ V V
0
d  -P  0 0 
-P  0  O
0  -P  0 « 
0  P  O Oo  o
o  o
LAOJ
fA fA
O
IA
OJ'
IA
V
vooo
a-
o
o
o
o
LA
O
IA
A-
O
LA
d
0
P
o p  
0 0 bD P  
M Oo o 0PP
o  o
LA LA
ON
L A
VO
IA
CA
A -(A
A
OJ-3’
O
LA
O
L A
O
L A4-
0 O 
0  0 
O  *H •H ft 
-P  d  
•H 0  
03 0oW
*  r•HO
bD
ra 
d  bD 0
0 0  0  =
•H •H  |3  LA
o  = O  O  •
0 0  P  V
<H
m P ^ - P
0 0  0 0  rH  0
•H O O  P
0 0  P i ©  O  P i
0 •H  P •H  0  PCO f t  P f t  0  Pd o d  *H O
P 0  a 0  d  a
CQ 0
w
0
w
0
0  d  , 0
O  0  -P  
P  0  O 
0 = 0 
IA -H  
d
o
0 Pi 
•H -P  ft P  
d  o0 a 
0 
w
P i  ra 
*p d  0 0
Oa
a
o  ’ 0
&
is
ra
0•H
0
0
CO
$wOJ
oa
0•H
0s£ o 
d 
0
O  h o  
0 0 •H *H
& 3
K
CO
d  bD 0 
0 0 •H £O o =
0  P  O J
f>5-P 
rH  0  
PO Pi 
0  P  ft 0 0 
d - H  O
0 'd  a  
0 
w
0O
0
•rl
bO bD pbp f t
0  = 0  = 0 = a
•H  vo •H  O J •H  O J 0o O  V" O C - P
0 0 0  P
«H 0
p P P0 0 0  0 0 0>do O O  0
0  P i 0  P i 0  P i  o
•H  P •H  P •H  P  O
f t  P ft 0 f t  0  0
d  o d  o id o ra
0 a 0 a 0  a ^0 0 0
w w W
- 82 -
w h e th e r  f a c i n g  to w a rd s  o r  away from  th e  m outh .
P a r t i c l e  S iz e  and S e t t i n g  R a te
The p a r t i c l e  was m easu red  and a  g ra p h  show ing  t h e  
r e l a t i o n s h i p  b e tw e e n  p a r t i c l e  s i z e  and volume i s  shown i n  
F ig u r e  4-. T h is  shows t h a t  th e  m a j o r i t y  o f  t h e  p a r t i c l e s  
f ro m  t h e  a i r  t u r b i n e  a r e  3-8  (j, i n  d i a m e t e r .
The s e t t l i n g  r a t e  o f  t h e  p a r t i c l e s  was c a l c u l a t e d  
from  S to k e s  fo rm u la :
Where Y  = v e l o c i t y  o f  f a l l  ( c m . / s e c . )
6 = d e n s i t y  o f  o i l  ( g . / c m . ^ )
e = d e n s i t y  o f  a i r  ( g . / c m . ^ )
\  = v i s c o s i t y  o f  a i r  ( p o i s e s )
g =
o
a c c e l e r a t i o n  due t o  g r a v i t y  ( c m . / s e c .  )
a  = r a d i u s  o f  d ro p  (cm .)
w h ic h  showed t h a t  t h e  s e t t l i n g  r a t e  was 0.01  c m . / s e c .  f o r
a d ro p  o f  1 p i n  d i a m e t e r .  T h is  w i l l  l e a d  t o  a  b u i l d - u p
o f  o i l  c o n c e n t r a t i o n  a s  t h e  r u n n in g  t im e  i n c r e a s e s .  
D i s c u s s i o n
The r e s u l t s  show t h a t  i n h a l a t i o n  o f  m in u te  am ounts o f  
o i l  f rom  t h e  a i r  t u r b i n e  h a n d p ie c e  do es  o c c u r  and t h a t  t h e  
am ounts  i n h a l e d  v a r y  a c c o r d i n g  t o  t h e  p o s i t i o n  o f  th e  h an d ­
p i e c e  and i t s  d i s t a n c e  fro m  t h e  f a c e .
The p e r i o d  o f  t im e  c h o se n  f o r  t h e  r u n n in g  o f  t h e  hand­
p i e c e  was i n  e x c e s s  o f  t h a t  u se d  d u r i n g  any  s i n g l e  o p e r a t i o n .  
I n  any one d a y ,  how ev er ,  t h e  t o t a l  r u n n in g  t im e  w ould  be i n
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e x c e s s  o f  t h i s .  V a r i a b l e s ,  su c h  a s  t e m p e r a tu r e  and v e n t i ­
l a t i o n ,  w ere c o n t r o l l e d  b y  c o n d u c t in g  e x p e r im e n ts  i n  a  
c l o s e d  room . P h y s i c a l  f a c t o r s ,  su c h  a s  t h e  p o s i t i o n  o f  
t h e  p a t i e n t ! s h e ad  i n  t h e  h e a d r e s t  and  t h e  t r a j e c t o r y  o f  
t h e  e x p e l l e d  a e r o s o l s ,  w i l l  a l s o  a f f e c t  t h e  amount o f  o i l  
i n h a l e d .
As t h e  t im e  o f  e x p o s u re  o f  t h e  p a t i e n t  t o  t h e s e  o i l s  
i s  r e l a t i v e l y  s m a l l ,  i t  d o e s  n o t  c o n s t i t u t e  a h a z a r d  t o  
t h e  p a t i e n t ' s  h e a l t h .  On t h e  o t h e r  h a n d ,  t h e  o p e r a t o r  i s  
c o n t i n u o u s l y  e x p o se d  t o  t h e  c u m u la t iv e  e f f e c t  o f  m in u te  
am ounts  o f  o i l .  I n d i v i d u a l  r e a c t i o n  t o  t h i s  e x p o su re  w i l l  
dep en d  on a  number o f  f a c t o r s ,  su c h  as  t o t a l  t im e  o f  
e x p o s u r e ,  p o s i t i o n  o f  w o rk in g ,  v e n t i l a t i o n  o f  s u r g e r y  and 
r a t e  o f  o i l - d r i p  f e e d .  A l s o ,  t h e  d e fe n c e  m echanism s o f  
t h e  body have  t o  be t a k e n  i n t o  c o n s i d e r a t i o n  a s  w ide 
i n d i v i d u a l  v a r i a t i o n s  do o c c u r .
To r e d u c e  t h e  p o s s i b i l i t y  o f  i n h a l a t i o n  o f  o i l s ,  t h e  
minimum o i l  d r i p  f e e d  s h o u ld  be em ployed and  a f a c e  mask 
worn d u r i n g  p r o lo n g e d  o p e r a t i v e  p r o c e d u r e s .
As a  r e s u l t  o f  t h e  b u i l d - u p  o f  a tm o s p h e r ic  c o n c e n t r a ­
t i o n  o f  o i l ,  a  w e l l - v e n t i l a t e d  s u r g e r y  i s  d e s i r a b l e .
Summary*
An a r t i f i c i a l  lu n g  u n i t  was c o n s t r u c t e d  t o  a l l o w  
m easu rem en t o f  o i l  ' l a b e l l e d '  w i th  r a d i o a c t i v e  i o d i n e  fro m  
an  a i r  t u r b i n e  h a n d p ie c e .  R e s u l t s  showed t h a t  i n h a l a t i o n  
o f  o i l  d o e s  o c c u r  and t h a t  t h e  am ounts i n h a l e d  v a r i e d  w i th  
t h e  a n g le  and d i s t a n c e  o f  h a n d p ie c e .  A tm o sp h e r ic  c o n c e n ­
t r a t i o n  o f  o i l s  i n c r e a s e s  w i t h  t im e .
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FIVE YEAR STUDY TO DETERMINE VARIATIONS I P  HEARING 
DUE TO HIGH-SPEED AIR TURBINE HANDPIECES
G. S . N ixon  and E. C. Knox
J . D e n t . Re s . Abs t r . 8 2 ,  1966 .
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FIVE YEAR STUDY TO DETERMINE VARIATIONS IN HEARING
DUE TO HIGH-SPEED AIR TURBINE HANDPIECES
I t  was c o n s i d e r e d  by many d e n t i s t s  t h a t  t h e  n o i s e  
p r o d u c e d  by  h ig h - s p e e d  a i r  t u r b i n e  h a n d p ie c e s  p ro d u c e d  
a l t e r a t i o n s  i n  h e a r i n g .  A p r e l i m i n a r y  s tu d y  was c a r r i e d  
o u t  i n  Glasgow to  exam ine t h e  h e a r i n g  o f  d e n t i s t s  e x p o sed  
t o  t h i s  n o i s e .  A p r e v i o u s  s tu d y  by G a n tw e l l  (1 9 6 0 )  had  
a n a l y s e d  th e  n o i s e  l e v e l s  o f  a i r  t u r b i n e  h a n d p ie c e s  and 
h ad  c o n c lu d e d  t h a t ,  on t h e  b a s i s  o f  an e i g h t - h o u r  day  
e x p o s u r e ,  n e i t h e r  d e n t i s t s  n o r  p a t i e n t s  c o u ld  e x p e c t  l o s s  
o f  h e a r i n g .  I t  was a l s o  s t a t e d  i n  t h i s  r e p o r t  t h a t  
t e m p o ra r y  h e a r i n g  t h r e s h o l d  s h i f t s  may be o b t a i n e d  w h ich  
c o u ld  n o t  b e  c o n s i d e r e d  a  h a z a r d  t o  h e a r i n g .
A l a t e r  s tu d y  by  T a y lo r  e t  a l .  (1 965 )  i n  a  s u rv e y  o f  
4-0 d e n t i s t s  e x p o se d  t o  d u l l  n o i s e  f o r  an a v e ra g e  p e r i o d  o f  
^ #y y e a r s ,  c o n c lu d e d  t h a t  a  s i g n i f i c a n t  n o i s e —in d u c e d  
t h r e s h o l d  s h i f t  was s u s t a i n e d  p a r t i c u l a r l y  i n  t h e  4- k c / s  
and 6 k c / s  f r e q u e n c y  r a n g e .  T h is  r e p o r t  i n d i c a t e d  t h a t ,  
w i t h  t im e ,  a g c a d u a l  e n c ro a c h m e n t  o f  t h e  u p p e r  f r e q u e n c i e s
o f  s p e e c h  r a n g e  may o c c u r .
I n  t h e  p r e l i m i n a r y  s t u d y  i n  Glasgow s e v e n te e n  d e n t a l
p r a c t i t i o n e r s  who h ad  b e e n  u s i n g  a i r - t u r b i n e  h a n d p ie c e s  
up t o  two y e a r s  w ere ex am in ed . S e v e n te e n  c o n t r o l s  o f  a
s i m i l a r  age g roup  were a l s o  exam ined .
To overcom e i n d i v i d u a l  v a r i a t i o n s  due t o  age  and p r e ­
v i o u s  n o i s e  e x p o s u r e ,  f i n a l  y e a r  d e n t a l  s t u d e n t s  who had  
no e x p o s u re  t o  h ig h  f r e q u e n c y  sound  were s e l e c t e d  a s  
s u b j e c t s .  At t h e  t im e  o f  t e s t i n g  s u b j e c t s  were c o n s i d e r e d
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t o  b e  o t o l o g i c a l l y  norm al a s  f a r  a s  c o u ld  be a s c e r t a i n e d  
fro m  p r e v i o u s  m e d ic a l  h i s t o r y  w i th o u t  c l i n i c a l  e x a m in a t io n .
A c o n t r o l  g roup  o f  a p p ro x im a te ly  t h e  same age was s i m i l a r l y  
t e s t e d .  T h is  p r o c e d u r e  was c a r r i e d  o u t  a n n u a l ly  w i t h  a 
new g roup  o f  f i n a l  y e a r  s t u d e n t s .  P r e v io u s  s u b j e c t s  and 
c o n t r o l s  w ere  r e c a l l e d  and h e a r i n g  r e - t e s t e d  a t  a n n u a l  
i n t e r v a l s  w h e rev e r  p o s s i b l e .  At t h e  t im e  o f  t e s t i n g  a  
q u e s t i o n n a i r e  was f i l l e d  i n  by e a c h  s u b j e c t  g i v in g  in fo r m a ­
t i o n  s u c h  a s  a p p ro x im a te  e x p o su re  t o  t h e  d r i l l  and i f  any 
a l t e r a t i o n  o r  u p s e t  i n  h e a r i n g  h ad  b e e n  o b s e r v e d .  S u b j e c t s  
w ere  a l s o  a sk e d  th e  ty p e  o f  h a n d p ie c e  u s e d .  Groups were 
t e s t e d  from  1961 -  1965-
T e s t i n g  o f  S u b j e c t s  and C o n t r o l s
S u b j e c t s  and c o n t r o l s  w ere  t e s t e d  i n  an a c c o u s t i c a l l y  
t r e a t e d  b o o th  u s i n g  a  p u r e - t o n e  a u d io m e te r  c a l i b r a t e d  t o  
c u r r e n t  B r i t i s h  S t a n d a r d  Z e ro .  B r i t i s h  S ta n d a r d  Zero i s  
b a s e d  on t h e  h e a r i n g  o f  600 young a irm en  b e tw ee n  th e  ages 
o f  18-25  who w ere  c o n s i d e r e d  t o  be  o t o l o g i c a l l y  n o rm a l .
The f r e q u e n c i e s  u se d  d u r i n g  t e s t i n g  o f  s u b j e c t s  were 
5 0 0 , 100 0 , 2000 , 4-000 , 6000 and 8000 c . p . s .  The o u tp u t  
was a t t e n u a t e d  i n  5 db s t e p s .
The m ethod  o f  t e s t i n g  was c a r r i e d  o u t  on an  a g re e d  
s y s te m  and th r o u g h o u t  th e  s e r i e s  t h i s  was c a r r i e d  o u t  by 
s i x  t e s t e r s .  Due t o  e q u ip m en t and  t e s t  p r o c e d u r e s ,  v a r i a ­
t i o n s  o c c u r r e d  b e tw ee n  th e  1961-1965  p e r i o d .  C om parison  
o f  t h e  1961-65  a u d io g ram s was made by  a p p ly in g  a  c o r r e c t i o n  
t o  t h e  1965 aud iog ram  a s  f o l lo w s !
0 5 k  J k  1 5 k  2k 3 k  4 k  6 k  8* 
Frequency c / j  
________  S t u d e n t s
C o n t r o l s
O e n t i s t t
Fig I. Comparison of hearing loss between dental group using high-speed air-turbine 
handpieces and control group. Greater hearing loss in dental group in 
higher frequencies.
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H e a r in g  l o s s  o f  A i n  1961 = + 5 db a t  8 kc
H e a r in g  l o s s  o f  A i n  1965 = +10 db a t  8 kc
I n  t h e  c o n t r o l  g roup  t h e r e  was an 8 db im provem ent a t  
8 kc  due t o  i n s t r u m e n t s  and t e s t  p r o c e d u r e s  e t c .  d u r in g
1 9 6 1 -6 5 .
A p p a re n t  d e t e r i o r a t i o n  i n  d e n t i s t  g roup
1961-65  = + 5 db
R e a l  d e t e r i o r a t i o n  ( w i t h  c o r r e c t i o n )  = 5 + 8 db
= 15 db .
R e s u l t s
The r e s u l t s  o f  t h e  s tu d y  o f  17 d e n t i s t s  showed t h a t  
on a v e ra g e  t h e  h e a r i n g  l o s s  i n  t h e  d e n t a l  group  was g r e a t e r  
t h a n  t h a t  o f  t h e  c o n t r o l  g roup  (R ig .  1 ) .  These  r e s u l t s  
a l s o  showed t h a t  a  w ide i n d i v i d u a l  v a r i a t i o n  o c c u r r e d  i n  th e  
d e n t a l  g roup  even  when e x p o s u re  t o  d r i l l  n o i s e  had  b e e n  
l i m i t e d .  These  w ide v a r i a t i o n s  w ere  c o n s i d e r e d  t o  be 
t h e  r e s u l t  o f  a p r e v i o u s  h i s t o r y  o f  e a r  i n f e c t i o n  o r  i n  
some c a s e s  t h e  r e s u l t  o f  e x p o s u re  t o  n o i s e  su c h  as  
g u n f i r e .
The d e n t a l  s t u d e n t  and c o n t r o l  g roup  showed s i m i l a r  
h e a r i n g  l o s s e s  w h ich  w ere  w e l l  w i t h i n  t h e  no rm al l i m i t s  
( F i g .  1 ) .
The t o t a l  num bers o f  s u b j e c t  t e s t e d  from  1961-1965  
a r e  shown i n  T a b le  1 .
The r e s u l t s  o f  a  g roup  o f  12 d e n t i s t s  exam ined  from
1962-1 965  i s  shown (T a b le  2 )  and com pared  w i th  a  c o n t r o l  
g roup  o f  9 (T a b le  5)*
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T ab le  1 
T o t a l s  T e s te d
D e n ta l
Group
P r e ­
e x p o su re 1 y r
A f t e r  e x p o su re  o f :
2 y r s .  3 y r s .  4  y r s .
1961 s t u d e n t s 28 8 4 6 13
1962 " 32 7 6 12
1963 " 21 3 3
1964  " 21 7
C o n t r o l  T o t a l  No.
Group t e s t e d
1961 s t u d e n t s  30 No. t e s t e d  a f t e r  4  y r s .  = 6
1962 ” 21 " " M 3 y r s .  = 9
1963 " 23 ” n rt 2 y r s .  = 1 3
1964 11 23
1963 33
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T ab le  2 
D e n ta l  Group
H e a r in g  l o s s
Group 
o f  12 
1962-  
1965
25%
who
comp­
l a i n e d
75%
w ith
no
comp­
l a i n t s
D e n t i s t s  w i t h  H .L.
-D t B o th  R. e a r  L. e a r  „e a r s
Ho s i g .  H .L . 50% 33.3% 55-5% _  _  _
S i g .  H .L . a t  
1 f r e q . 35.3% 33.3% 33.3% 66.7%
S i g .  H .L . a t  
2 f r e q . 8.5% - 11 . 2% 16.6%
S i g .  H .L . a t  
1 k c / s  
3 k c / s
8.5% 33.3% - 16.6%
Of 12 e a r s  with. H . L . , t e n  were i n  t h e  r i g h t  e a r  (83*3% ')  
C o n t r o l s  -  2 s u b j e c t s  c o r r e c t  f o r  p r e s b y c u s i s .
T a b le  5 
C o n t r o l  Group
H e a r in g  L oss Group o f  9 1962-1965
Ho s i g .  H .L . 77.8%
S i g .  H .L . a t  1 f r e q . 11 . 1%
S i g .  H .L. a t  2 f r e q . 11 . 1% ( s u b j e c t  n o i s e  e x p o se d )
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D i s c u s s i o n
I t  would a p p e a r  from  t h i s  s tu d y  t h a t  t h e  d e n t a l  group 
showed a more s i g n i f i c a n t  d e t e r i o r a t i o n  o f  h e a r i n g  t h a n  
t h e  c o n t r o l  g ro up  and t h a t  g r e a t e r  i n d i v i d u a l  s u s c e p t i ­
b i l i t y  was o b s e rv e d .  I f  a  t h r e s h o l d  s h i f t  o f  15 db i s  
n o t  c o n s i d e r e d  s i g n i f i c a n t  t h e  g r e a t e s t  h e a r i n g  l o s s e s  
o c c u r r e d  a t  t h e  4-, 6 and 8 k c .  l e v e l .  W ith in  t h e  d e n t a l  
g rou p  a  g r e a t e r  d e t e r i o r a t i o n  o f  h e a r i n g  was o b s e rv e d  i n  
th e  r i g h t  t h a n  w i th  t h e  l e f t .
Ho a t t e m p t  was made i n  t h i s  s tu d y  t o  c o r r e l a t e  h e a r i n g  
l o s s  w i t h  n o i s e  l e v e l s .  The im p o r ta n c e  o f  any h e a r i n g  
l o s s  i n  a  young p e r s o n  i s  t h a t  t h i s  l o s s  w i l l  be added  to  
h e a r i n g  l o s s  due t o  a g e .  W hile a  h e a r i n g  l o s s  i n  a 
y o u n g e r  p e r s o n  may n o t  a p p e a r  t o  be a  s o c i a l  h a n d ic a p  a t  
t h i s  s t a g e  i t  may become so when th e  h e a r i n g  l o s s  due t o  age 
i s  ad d ed  i n  l a t e r  y e a r s .
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ESTIMATION OF MANGANESE IN HUMAN I .  ,H Z  
BY APTIVATION ANALYSIS
Summary
A m ethod f o r  t h e  e s t i m a t i o n  o f  m anganese I n  b i o l o g i c a l  
t i s s u e s  by  means o f  n e u t r o n  a c t i v a t i o n  a n a l y s i s  i s  d e s -  . 
c r i b e d .  S m a ll  enam el s a m p le s ,  w e ig h in g  fro m  5 sig* t o  
25 mg. a r e  t a k e n  from  t h e  o u t e r  and I n n e r  enam el l a y e r s  o f  
human t e e t h  and i r r a d i a t e d  i n  a  r e a c t o r  f o r  two h o u r s  a t  
a t h e r m a l  f l u x  o f  1012 n /c m .2/ s e c .  A s t a n d a r d  m anganese 
sam ple  i s  i r r a d i a t e d  a t  t h e  same t im e .  The c h e m ic a l  
r e c o v e r y  o f  t h e  m anganese i s  a d j u s t e d  f o r  p h o s p h a te  a d s o r p ­
t i o n .  The r e s u l t s  show t h a t  m anganese i s  p r e s e n t  i n  a l l  
enam el sam p les  and v a r i e s  from  O .5O -  2 .0 1  p . p .m . T here  i s  
a  g r e a t e r  c o n c e n t r a t i o n  o f  m anganese i n  th e  o u t e r  enam el 
l a y e r  t h a n  i n  t h e  i n n e r  enam el l a y e r .
I n t r o d u c t i o n
M anganese i s  a lw ay s  p r e s e n t  i n  body  t i s s u e s .  A 70 kg 
man may h av e  a  t o t a l  o f  1 2 .2 0  mg. Mn ( C o t z i a s ,  1 9 5 8 ) .
H ig h e r  c o n c e n t r a t i o n s  a r e  fo u n d  i n  l i v e r  and  p a n c r e a s  th a n  
i n  t i s s u e s ,  s u c h  as  s k e l e t a l  m u s c le .  L i t t l e  i s  known o f  
t h e  fo rm s  i n  w h ich  m anganese e x i s t s  i n  th e  body t i s s u e s .
The d a i l y  i n t a k e  o f  m anganese may v a r y  from  2 .0  -  8 .0  
m g .,  d e p e n d in g  on th e  d i e t .  Some f o o d s ,  su c h  a s  t e a ,  a r e  
e x c e p t i o n a l l y  r i c h  i n  m anganese (1 5 0 -9 0 0  p . p . m . ) .  The 
r o l e  o f  m anganese i n  c a l c i f i c a t i o n  i s  n o t  f u l l y  u n d e r s to o d .  
I t  h a s  b e e n  s u g g e s te d  t h a t  m anganese i s  n e c e s s a r y  f o r  
c e r t a i n  enzyme a c t i v i t i e s  p r o b a b ly  r e q u i r e d  m
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c a l c i f i c a t i o n  (H e ss ,  1960) .
The c o n c e n t r a t i o n  o f  m anganese i n  t e e t h  h a s  b e e n  
e s t i m a t e d  by  c h e m ic a l  and s p e c t r o g r a p h i c  m e th o d s .  Sam sahl 
and Sorem ark  (1 961 )  have  g iv e n  a mean v a lu e  o f  0 .5 4  p .p .m .  
f o r  enam el u s i n g  gamma-ray s p e c t r o m e t r y .
M a t e r i a l s  and Method
Enamel sam p le s  w ere o b t a i n e d  from  t h i r t e e n  sound 
e x t r a c t e d  p e rm a n e n t  human t e e t h  w h ich  were c o n s i d e r e d  t o  be 
f r e e  from  enam el d e f e c t s .  The t e e t h  were w ashed w i t h  
d e - i o n i s e d  w a te r  and t r a n s v e r s e l y  s e c t i o n e d  i n t o  an o c c l u s a l ,  
a  m id d le  and a g i n g i v a l  l a y e r .  The enam el t h i c k n e s s  o f  
t h e  m id d le  and g i n g i v a l  l a y e r s  was m easu red  m i c r o s c o p i c a l l y  
and  e a c h  l a y e r  t h e n  d i v i d e d  i n t o  an i n n e r  and o u t e r  enam el 
l a y e r  b y  means o f  a  ca rbo ru ndu m  c u t t i n g  d i s c  w i t h  a m ic ro ­
m e te r  g a u g e .  A f r e s h  c u t t i n g  d i s c  was u se d  f o r  e a c h  s e c t i o n  
t o  a v o id  c o n ta m i n a t i o n .  P a r t i c u l a r  c a r e  was t a k e n  when 
c u t t i n g  t h e  i n n e r  enam el l a y e r  t o  e n s u r e  t h a t  no d e n t i n e  
was i n c l u d e d  i n  t h i s  s e c t i o n .  No a t t e m p t  was made t o  
s e p a r a t e  t h e  o c c l u s a l  enam el i n t o  i n n e r  and  o u t e r  l a y e r s .
E x p e r im e n ta l
O u t l in e  o f  Method
The enam el sam p le s  were d i g e s t e d  i n  c o n c e n t r a t e d  n i t r i c  
a c i d ,  f o l l o w i n g  i r r a d i a t i o n ,  and th e  r a d i o a c t i v e  m anganese 
s e p a r a t e d  b y  p r e c i p i t a t i o n  o f  Mn02 b y  sod ium  c h l o r a t e  
o x i d a t i o n .  The a c t i v i t y  o f  t h e  sam ple was m easu red  u s in g
t
a  - s p e c t r o m e t e r  and com pared  w i t h  a  m anganese s t a n d a r d  
p r o c e s s e d  i n  t h e  same way a s  t h e  sa m p le s .
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P r e p a r a t i o n  and I r r a d i a t i o n  o f  Sam ples
The enam el sa m p le s  ( 5 - 2 5  m g s .)  were w eighed  i n t o  1" 
s q u a r e  p o l y e t h y l e n e  e n v e l o p e s ,  w hich  were t h e n  h e a t - s e a l e d .
F or p r e p a r a t i o n  o f  a  s t a n d a r d ,  a  p i e c e  o f  p o l y e t h y l e n e  
s h e e t  ( 1 U s q u a r e )  was t h o r o u g h ly  c l e a n e d  by  r i n s i n g  i n  
c o n c e n t r a t e d  n i t r i c  a c i d ,  f o l lo w e d  by two r i n s e s  i n  d i s ­
t i l l e d  w a t e r .  A known w e ig h t  o f  m anganese ( a b o u t  0 .1  
m icrogram m es) was e v a p o r a t e d  from  s o l u t i o n  o n to  t h i s  s h e e t  
u n d e r  an  i n f r a - r e d  lamp a t  a  s u f f i c i e n t l y  low te m p e r a tu r e  
t o  a v o id  dam aging t h e  p o l y e t h y l e n e .  The s t a n d a r d  was a l s o  
e n c l o s e d  i n  a  p o l y e t h y l e n e  e n v e lo p e ,  p a c k e d  w i t h  th e  enam el
sa m p le s  i n  a  p o l y e t h y l e n e  tu b e  and i r r a d i a t e d  f o r  two h o u r s
12 2a t  a  th e r m a l  n e u t r o n  f l u x  o f  10 n /cm . / s e c .  i n  t h e  
S c o t t i s h  U n i v e r s i t i e s  R e s e a rc h  R e a c to r  a t  E a s t  K i l b r i d e ,  
G lasgow .
M anganese 56
100% o f  n a t u r a l l y  o c c u r r i n g  m anganese i s  i n  t h e  form
55 56■'<Mn. On th e r m a l  n e u t r o n  i r r a d i a t i o n ,  t h e  i s o t o p e  ^ Mn
( t j  -  2 .58  h r s . )  i s  p ro d u c e d  by  t h e  n u c l e a r  r e a c t i o n
-^Mn ( a . ,  Y )-^ M n . The a c t i v a t i o n  c r o s s - s e c t i o n  i s  13*3 b a r n s .
C hem ica l  S e p a r a t i o n
A f t e r  i r r a d i a t i o n ,  s a m p le s  and s t a n d a r d  w ere  rem oved 
from  t h e i r  c o n t a i n e r s  and  t r a n s f e r r e d  t o  125 m l.  c o n i c a l  
b e a k e r s  c o n t a i n i n g  10 m l. o f  16M. n i t r i c  a c i d  and 1 m l. o f  
m anganese c a r r i e r  s o l u t i o n  (MnCl2 -  10 mg. M n /m l.) .  The 
b e a k e r s  w ere  t h e n  h e a t e d  on a  h o t p l a t e  u n t i l  t h e  enam el was 
c o m p l e t e ly  d i s s o l v e d .  I n  t h e  c a s e  o f  t h e  s t a n d a r d ,  th e
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p o l y e t h y l e n e  i s  n o t  d e s t r o y e d ,  b u t  c o m p le te  exchange  b e tw ee n  
t h e  r a d i o a c t i v e  and c a r r i e r  m anganese q u i c k l y  t a k e s  p l a c e  
i n  t h e  h o t  s o l u t i o n .  The p o l y e t h y l e n e  i s  rem oved i n  sub ­
s e q u e n t  t r a n s f e r  s t e p s .  One m l. o f  50% (w /v )  sodium  
c h l o r a t e  s o l u t i o n  was t h e n  added  t o  t h e  h o t  s o l u t i o n  t o  
p r e c i p i t a t e  t h e  m anganese a s  MnO^. The s o l u t i o n s  and 
su s p e n d e d  p r e c i p i t a t e s  w ere t r a n s f e r r e d  t o  50 m l. c e n t r i f u g e  
t u b e s ,  c e n t r i f u g e d  and  t h e  s u p e r n a t a n t  d i s c a r d e d .  The 
p r e c i p i t a t e s  were t h o r o u g h ly  washed w i th  w a te r  and s l u r r i e d  
w i t h  w a te r  o n to  w e ig h ed  p l a n c h e t t e s .  They w ere e v a p o r a t e d  
t o  d r y n e s s  a t  100°C u n d e r  i n f r a - r e d  lam ps and r e - w e ig h e d  as 
Mn02 .H20 (S id g w ic k ,  1 9 5 2 ) .  The r e c o v e r i e s  o b t a i n e d  a r e  
i n  t h e  r e g i o n  o f  85%.
C o u n t in g
U sin g  a  3 in*  N a l (T l )  c r y s t a l  and  a  Laben 512 c h a n n e l
p u l s e  h e i g h t  a n a l y s e r ,  t h e  Y - s p e c t r u m  o b t a i n e d  ( F i g .  1 )
56showed t h e  0.84-5 MeV p h o to p e a k  o f  kfcr f r e e  from  c o n ta m in a t io n .  
The d e g re e  o f  r a d i o c h e m i c a l  p u r i t y ,  a s  d e te r m in e d  by  
Y - s p e c t r a  and h a l f - l i f e  c o n s i d e r a t i o n s ,  i s  s u i t a b l e  f o r  
t h e  a c c u r a t e  d e t e r m i n a t i o n  o f  m anganese .
C a l c u l a t i o n  o f  R e s u l t s
The r e l a t i v e  a c t i v i t i e s  o f  sam p les  and s t a n d a r d  were 
o b t a i n e d  by  c a l c u l a t i n g  th e  a r e a  o f  t h e  p h o to p e a k  by  t h e  
d i g i t a l  m ethod o f  C o v e l l  (1959)*  T h is  i s  a m ethod  o f  p e a k  
a r e a  e s t i m a t i o n  w hich  i n v o l v e s  summing t h e  c o u n ts  i n  an 
e q u a l  number o f  c h a n n e ls  above and b e lo w  t h e  p h o to p e a k  
maximum and s u b t r a c t i n g  an amount r e p r e s e n t i n g  t h e  p e a k  
b a s e  from  t h e  t o t a l  sum o b t a i n e d .  These  a r e a s  were
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c o r r e c t e d  f o r  d e c a y  and c h e m ic a l  r e c o v e r y  and t h e  m anganese 
c o n t e n t  o f  t h e  s a m p le s  o b t a i n e d  b y  c o m p a r is o n  o f  sam ple  and 
s t a n d a r d  a c t i v i t i e s .
C hem ica l  R e co v e ry
When t o o t h  sa m p le s  a r e  s u b j e c t e d  t o  t h e  c h e m ic a l  
s e p a r a t i o n ,  h i g h  r e c o v e r i e s  a r e  o b t a i n e d .  T h is  i s  t h o u g h t  
t o  be  p h o s p h a te  f rom  th e  enam el b e in g  c o - p r e c i p i t a t e d  w i t h  
t h e  Mn02 .
I t  i s  shown i n  T a b le  1 t h a t  f o r  s a m p le s  w e ig h in g  up t o  
40 m g . , t h e  amount o f  a d s o r b e d  p h o s p h a te  i s  d i r e c t l y  p r o ­
p o r t i o n a l  t o  t h e  sam ple  w e i g h t .  Above t h i s  w e i g h t ,  t h e  
amount o f  p h o s p h a te  a d s o r b e d  r e a c h e s  a  c o n s t a n t  v a l u e .
For sa m p le s  w e ig h in g  l e s s  t h a n  40 m g . , an  a v e ra g e  
a d s o r p t i o n  v a lu e  o f  0 .0 9 2  mg. p h o s p h a te  p e r  mg. t o o t h  
sam ple  was c a l c u l a t e d .
The c h e m ic a l  r e c o v e r i e s  o b t a i n e d  d u r in g  an a n a l y s i s  
w ere  a d j u s t e d  f o r  p h o s p h a te  a d s o r p t i o n  u s i n g  t h e  above 
f a c t o r  b e f o r e  t h e  y i e l d  c o m p a r is o n  was made. T h is  c o r r e c ­
t i o n  i s ,  o f  c o u r s e ,  o n ly  v a l i d  f o r  f a i r l y  c o n s t a n t  r e c o v e r i e s  
o f  Mn02 « T a b le  2 shows t h e  m ag n i tu d e  o f  e r r o r  b e tw e e n  
t h e  e x p e r i m e n t a l l y  d e te r m in e d  a d ju s tm e n t  and  t h e  u se  o f  th e  
above f a c t o r .  I t  c a n  be s e e n  t h a t  t h e  e r r o r  i n t r o d u c e d  
by u s i n g  t h e  a v e ra g e  f i g u r e  i s  l e s s  t h a n  t h e  o v e r a l l  p r e ­
c i s i o n  o f  t h e  a n a l y s i s .  The l a t t e r  i s  e s t i m a t e d  t o  be 
b e t t e r  t h a n  5% from  r e p e a t  a n a l y s e s  on pow dered  t o o t h  
sa m p le s  (T a b le  5)*
C om parison  o f  r e s u l t s  o b t a i n e d ,  f o r  t o o t h  and b i o l o g ­
i c a l  m a t e r i a l ,  u s i n g  t h i s  m ethod  and  t h e  f u l l  s e p a r a t i o n
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T a b le  1
P h o s p h a te  A d s o r p t io n
Sam ple S iz e  
(mg. )
P h o s p h a te  A dsorbed  
(m g .)
1 0 .0 1 .3
1 2 .9 1 . 4
1 9 .5 2 .3
2 9 .1 2 .8
2 6 .6 3 .5
3 8 .1 3 .7
5 6 .5 4 . 4
6 3 .9 4 . 7
7 3 .2 4 . 7
T a b le  2
D i f f e r e n c e  i n  t o o t h  m anganese c o n t e n t  a s  
i n f l u e n c e d  by  r e c o v e r y  c o r r e c t i o n
A d s o r p t io n  
C o r r e c t i o n  M ethod T o o th  Manganese C o n te n t  ( p .p .m . )
A verage  f i g u r e 1 .3 2 0 .8 3 0 .6 6 0 .5 5  1 .3 2 0 .6 9
M easu red  f i g u r e 1 .3 4 0 .8 4 0 .6 5 0 .5 5  1 .2 9 0 . 6  7
P e r c e n t a g e  e r r o r 1.5% 1.2% 1.5% 0 . 0% 2 . 3% 3.0%
T a b le  3 
R e p e a t  A n a ly s e s
A n a l y s i s  Sample 1 Sample 2 Sample 3
1 0 .8 3  0 .3 4  3 .4 4
2 0 .8 9  0 .4 2  2 .3 1
3 2 .1 7
4  -  -  1 .7 4
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t e c h n iq u e  o f  S m ith  (1 96 2 )  showed a g re e m e n t  w i t h i n  t h e  q u o te d  
e x p e r i m e n t a l  e r r o r .
R e s u l t s
The r e s u l t s  o f  th e  a n a l y s e s  o f  s u c c e s s i v e  l a y e r s  o f  
enam el sa m p le s  a r e  shown i n  T ab le  4 .  The m anganese c o n t e n t  
o f  t h e  o c c l u s a l  enam el r a n g e d  from  0 .4 5  -  1 .9 8  p .p .m .  I n
t h e  m id d le  l a y e r ,  t h e  o u t e r  enam el was 0 .6 6  -  2 .0 1  p . p . m . ,
w h i le  t h e  i n n e r  enam el was 0 .3 4  -  0 .7 9  p .p .m .  I n  t h e
g i n g i v a l  l a y e r ,  t h e  o u t e r  enam el was 0 .3 5  -  1 .3 4  p . p . m . ,  
and  t h e  i n n e r  enam el 0 .30  -  0 .7 6  p .p .m .
An i n t e r e s t i n g  r e s u l t  i s  s e e n  i n  sa m p le s  Ro. 4A and
4B and sa m p le s  No. 10A and  10B. E ach p a i r e d  sam ple  r e p r e ­
s e n t e d  p r e m o la r s  e x t r a c t e d  from  o p p o s i t e  q u a d r a n t s  i n  t h e  
same m outh . The t im e s  o f  e r u p t i o n  o f  t h e s e  t e e t h  w ere  
s i m i l a r  and  t h e r e  i s  a  c l o s e  r e l a t i o n s h i p  b e tw e e n  t h e  
m anganese  c o n t e n t  o f  t h e  e n am e l.
R e p e a t  A n a ly s e s
I n  some s a m p le s ,  more t h a n  one a n a l y s i s  was p e r ­
fo rm ed  on s e c t i o n s  from  t h e  same l a y e r  o f  t e e t h  (T a b le  3 ) .
I n  t h e  f i r s t  two s a m p le s ,  t h e  r e s u l t s  seem c l o s e  enough  
t o  be  w i t h i n  e x p e r i m e n t a l  e r r o r ,  b u t  i n  sam ple  Ro. 3 > 'kbe 
d i f f e r e n c e s  a r e  t o o  g r e a t  t o  be  e x p e r i m e n t a l  e r r o r s  and  
a r e  p r o b a b l y  g e n u in e  v a r i a t i o n s  i n  t h e  m anganese c o n t e n t  
o f  e a c h  s e c t i o n  o f  en am el.
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T a b le  5
R e p e a t  A n a l y s i s  o f  Pow dered  Enamel Sam ples
Mn ( p . p . m . )
4 .1 0  
4 .0 6
4 .1 1  
4 .2 6  
4 .0 9
N o te :  T hese  r e s u l t s  a r e  h i g h e r  t h a n  n o rm al due t o  con tam ­
i n a t i o n  o f  t h e  enam el d u r i n g  t h e  g r i n d i n g  p r o c e s s  
i n  t h e  s t e e l  m o r t a r .  The t e e t h  u se d  f o r  t h i s  
po w d ered  sam p le  gave  n o rm al v a l u e s  on p r e v i o u s  
a n a l y s i s  when enam el s e c t i o n s  w ere  u s e d .
D i s c u s s i o n
The p r e s e n t  s t u d y  w ould  i n d i c a t e  t h a t  m anganese i s  a  
c o n s t i t u e n t  o f  e n a m e l .  I t  a p p e a r s  t o  be  g r e a t e r  i n  co n ­
c e n t r a t i o n  i n  t h e  o u t e r  enam el l a y e r s  t h a n  i n  t h e  i n n e r  
enam el l a y e r s .  M anganese i s  d e p o s i t e d  i n  enam el d u r i n g  
c a l c i f i c a t i o n ,  w h ic h  w ould  a c c o u n t  f o r  t h e  u n i f o r m i t y  o f  
c o n c e n t r a t i o n  i n  t h e  i n n e r  enam el l a y e r .  When c a l c i f i c a ­
t i o n  i s  c o m p le te ,  t h e r e  may be  a  p o s t - e r u p t i v e  g a i n  i n  
m anganese  f ro m  fo o d  an d  o t h e r  e x t e r n a l  s o u r c e s .
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ESTIMATION OF ANTIMONY IN HUMAN ENAMEL 
BY ACTIVATION ANALYSIS
I n t r o d u c t i o n
A ntim ony i s  g e n e r a l l y  th o u g h t  t o  he a  n o n - e s s e n t i a l  
e le m e n t  f o r  humans and i s  one o f  t h e  e le m e n ts  o f  h ig h  
t o x i c i t y .  L i t t l e  i s  known o f  i t s  d i s t r i b u t i o n  and  m et­
a b o l i s m  i n  human t i s s u e s .  The l e v e l s  a t  w h ich  i t  o c c u r s  
i n  d r y  human t i s s u e s  f ro m  p o s t - m o r t e n  sa m p le s  have  b e e n  
d e te r m in e d  f o r  a  number o f  o rg a n s  (M o lo k h ia ,  1 9 6 6 ) .  The 
a v e r a g e  v a l u e s  fo u n d  a r e  g iv e n  i n  T a b le  1 . The r e s u l t s  
a r e  from  d e t e r m i n a t i o n s  on 25 s a m p le s  o f  e a c h  o r g a n .
T a b le  1
A ntim ony C o n te n t  o f  Dry Human T is s u e  (M o lo k h ia ,  1966)
O rgan Mean a n tim o n y  c o n t e n t  ( p . p . m . )
Lung 0 .56
L iv e r 0 .1 4
K idney 0 .1 7
B r a in 0.11
H e a r t 0 .09
Stom ach 0 .0  8
S p le e n 0 .0 7
Bone 0 .5 0
A n t im o n ia l  d ru g s  a r e  w id e ly  u s e d  i n  t r o p i c a l  c o u n t r i e s  
i n  t r e a t m e n t  o f  b i l h a r z i a s i s .  I t  h a s  b e e n  shown t h a t  
p e n t a v a l e n t  a n t i m o n i a l s  a r e  fo u n d  i n  h i g h e r  c o n c e n t r a t i o n s  
i n  t h e  p la s m a  t h a n  i n  t h e  e r y t h r o c y t e s  ( L i p p i n c o t t ,  194-7)- 
T r i v a l e n t  a n t i m o n i a l s  c an  r e m a in  i n  t h e  c i r c u l a t i o n  bound t o
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e r y t h r o c y t e s  w h i le  t h e  a n t im o n y  i n  t h e  p la s m a  f a l l s  r a p i d l y  
by e x c r e t i o n  v i a  t h e  k id n e y  (B rad y  e t  a l . , 1 9 4 5 ) .
E x p e r im e n ta l
P r e p a r a t i o n  and  i r r a d i a t i o n  o f  sam p le s  
Sam ples o f  sound human p e rm a n e n t  t e e t h  f r e e  from  
enam el d e f e c t s  and n o t  i n  c o n t a c t  w i t h  t e e t h  c o n t a i n i n g  
r e s t o r a t i o n s  w ere  o b t a i n e d  from  d e n t a l  p a t i e n t s  i n  G lasgow , 
S c o t l a n d  (10  t e e t h )  and A l e x a n d r i a ,  E gyp t (19  t e e t h ) .
T e e th  w ere  e x t r a c t e d  u s i n g  f o r c e p s  t h e  b e a k s  o f  w h ich  were 
c o v e r e d  i n  p o l y th e n e  t o  a v o id  m e t a l l i c  c o n ta m i n a t i o n  o f  
e n a m e l . The t e e t h  w ere  r i n s e d  w i th  d i s t i l l e d  w a te r  and  
enam el s e c t i o n s  p r e p a r e d  by  s e c t i o n i n g  w i t h  a  carb o rund um  
c u t t i n g  d i s c  w i t h  a  m ic ro m e te r  gauge t a k i n g  c a r e  t o  a v o id  
sam ple  c o n t a m i n a t i o n .  No d e n t i n e  was i n c l u d e d  i n  t h e  
s a m p le s .  The B r i t i s h  sa m p le s  were t r a n s v e r s e l y  s e c t i o n e d  
i n t o  an  o c c l u s a l , a  m id d le  and  a  g i n g i v a l  l a y e r  and  t h e  
l a s t  two l a y e r s  w ere  s e c t i o n e d  i n t o  an i n n e r  and an  o u t e r  
enam el s e c t i o n .  The enam el f rom  t h e  E g y p t i a n  p a t i e n t s  was 
n o t  d i v i d e d  i n t o  o u t e r  and  i n n e r  l a y e r s .
The s a m p le s  were w e ig h e d  and i r r a d i a t e d  i n  a lum in iu m
f o i l  i n  BEPO, H a r w e l l ,  a t  a  t h e r m a l  n e u t r o n  f l u x  o f
*1P p10 n /cm  / s e c .  f o r  t h r e e  d a y s .  A s t a n d a r d  o f  h i g h  p u r i t y  
a n t im o n y  p o t a s s i u m  t a r t r a t e  ( a b o u t  0 .5  n ig .)  was i r r a d i a t e d  
i n  a  s i l i c a  tu b e  a t  t h e  same t im e  a s  t h e  s a m p le s .  A f t e r
i
i r r a d i a t i o n  t h e  s t a n d a r d  was d i s s o l v e d  i n  h y d r o c h l o r i c  a c i d  
and d i l u t e d  a s  r e q u i r e d .
C hem ica l  S e p a r a t i o n
A f t e r  i r r a d i a t i o n ,  t h e  sa m p le s  and an  a l i q u o t  o f  t h e
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s t a n d a r d  s o l u t i o n  were d i g e s t e d  i n  a  s u l p h u r i c / n i t r i c  a c i d  
m ix tu r e  c o n t a i n i n g  10 mg. o f  a n tim o n y  c a r r i e r .
F o l lo w in g  d i g e s t i o n  a  f u l l  r a d i o c h e m i c a l  s e p a r a t i o n  
was u s e d  t o  p ro d u c e  t h e  r a d i o a c t i v e  an tim o n y  i n  a  p u re  fo rm  
f o r  c o u n t i n g .  F u l l  e x p e r i m e n t a l  d e t a i l s  o f  t h e  m ethod a r e  
g iv e n  by  Howie 1965* An o u t l i n e  o f  t h e  s e p a r a t i o n  i s  
g iv e n  b e lo w .
The sa m p le s  w ere  d i g e s t e d  i n  s u l p h u r i c / n i t r i c  a c i d s .
The c l e a r  s o l u t i o n  was d i l u t e d  w i t h  w a te r  and a n tim o n y  m e ta l  
was p r e c i p i t a t e d  b y  a d d i t i o n  o f  chrom ous c h l o r i d e  s o l u t i o n .  
The s e p a r a t e d  p r e c i p i t a t e  was w ashed and  d i s s o l v e d  i n  
h y d r o c h l o r i c  a c i d  c o n t a i n i n g  h y d ro g e n  p e r o x id e  and a r s e n i c  
c a r r i e r  (12  m g . ) .
A r s e n ic  m e ta l  was p r e c i p i t a t e d  i n  t h e  h o t  s o l u t i o n  by  
a d d i t i o n  o f  ammonium h y p o p h o s p h i te  s o l u t i o n .  Copper c a r r i e r  
(1 0  m g.) was added  to  t h e  s o l u t i o n  a f t e r  c o o l i n g  and p r e ­
c i p i t a t e d  a s  t h e  f e r r o c y a n i d e . E x c e ss  f e r r o c y a n i d e  was 
p r e c i p i t a t e d  by  a d d i t i o n  o f  c o b a l t o u s  c h l o r i d e  s o l u t i o n .
The com bined  p r e c i p i t a t e s  s e r v e d  a s  a g e n e r a l  s c a v e n g in g  
s t e p .  The p r e c i p i t a t e s  w ere  c e n t r i f u g e d  and t h e  s u p e r n a t e s  
f i l t e r e d .  A f t e r  f i l t r a t i o n  th e  a n tim o n y  was p r e c i p i t a t e d  
a s  t h e  i n i t i a l  p r e c i p i t a t i o n  by  a d d i t i o n  o f  chrom ous 
c h l o r i d e  s o l u t i o n .  A f t e r  w a sh in g  w i t h  w a te r  t h e  p r e c i p i ­
t a t e s  were t r a n s f e r r e d  t o  a lum in iu m  p l a n c h e t t e s  w i t h  a c e to n e  
and d r i e d  a t  95°C . The a c t i v i t y  o f  t h e  p r e c i p i t a t e s  was 
m e a su re d  u s i n g  an end-w indow  G e ig e r  c o u n t e r .
As a  c h ec k  on p r e c i s i o n  and  a c c u r a c y  f i v e  sa m p le s  o f  
a  homogenous b i o l o g i c a l  s t a n d a r d  (pow dered  k a l e  p r e p a r e d  by
H .J .M . Bowen o f  R e ad in g  U n i v e r s i t y )  w ere a n a l y s e d .  The
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r e s u l t s  o f  t h e  a n a l y s i s  o f  100 mg. s a m p le s ,  0 . 054 , 0 .0 6 0 ,
0 .0 5 6 ,  0 .0 6 2 ,  0 .0 6 5  p .p .m .  compare w e l l  w i t h  d e t e r m i n a t i o n s
o f  o t h e r  w o rk e rs  w hich  g iv e  a v a l u e  o f  0 .0 8 2  -  0 .0 2  p . p .m.
(Bowen, 1 9 6 6 ) .
The c h e m ic a l  r e c o v e r y  o f  an tim o n y  was o b t a i n e d  by
w e ig h in g  t h e  p l a n c h e t t e s  b e f o r e  and a f t e r  t r a n s f e r r i n g  th e
f i n a l  p r e c i p i t a t e .  The a n tim o n y  c o n t e n t  o f  e a c h  sam ple
was c a l c u l a t e d  by  c o m p a r in g  t h e  c o u n t - r a t e s  o f  sa m p le s  and
s t a n d a r d  a f t e r  c o r r e c t i o n  f o r  c o u n te r  dead  t im e ,  c h e m ic a l
r e c o v e r y  and  b a c k g ro u n d  r a d i a t i o n .  The s e n s i t i v i t y  o f  t h e  
-1 0m ethod  was 10 gm.
R e s u l t s
The a n tim o n y  c o n t e n t  o f  t h e  enam el f rom  t h e  t e e t h  o f  
G lasgow p a t i e n t s  i s  shown i n  T a b le  2 .
C om parison  o f  Antim ony and A r s e n ic  L e v e ls  
As a r s e n i c  a n d  a n tim o n y  a r e  c h e m ic a l ly  s i m i l a r ,  t h e  
r a n g e  o f  r e s u l t s  h a s  b e e n  com pared  w i t h  p r e v i o u s  a r s e n i c  
r e s u l t s  (N ix o n ,  1960) ( F i g .  1 ) .
The r e s u l t s  f o r  t h e  a n t i j io n y  c o n t e n t  o f  t h e  enam el 
f ro m  E g y p tian ,  p a t i e n t s  a r e  shown i n  T a b le  3* 
r e s u l t s  a r e  g ro u p e d  a c c o r d i n g  t o  w h e th e r  o r  n o t  t h e r e  was 
a  h i s t o r y  o f  an tim o n y  t r e a t m e n t  f o r  b i l h a r z i a .
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T ab le  2
Antimony c o n t e n t  o f  enam el from  Glasgow p a t i e n t s
( p .p .m .  a n tim o n y )
Tooth. Age Sex O c c lu s a l
M idd le  
O u te r  I n n e r
G in g iv a l  
O u te r  I n n e r
87 25 1 - 0 .6 6 5 0 .0 3 7 0 .0 1 6 0 .0 4 4
y 27 M - 0 .0 2 6 0 .3 7 9 0 .0 7 5 -
87 27 F - 0 .0 4 4 0 .0 2 1 0 .0 6 5 0 .0 1 6
87 17 F - 0 .0 3 7 0 .0 5 8 - 0.015
87 26 M - 0 .0 1 1 0.005 0 .0 1 0 0 .0 2 0
y 61 F - 0 .0 1 9 0 .0 4 8 0.074 0 .2 4 3
87 33 F 0.005 0 .0 1 9 0 .0 5 4 0.091 0 .0 9 9
87 19 F 0 .1 3 9 0 .4 6 4 0.030 0 .2 8 2 0 .1 2 1
87 33 F 0 .0 1 0 0 .0 5 4 0 .0 3 4 0.071 0 .0 4 3
57 14 F 0 .0 1 1 0 .0 1 9 0 .0 9 5 0 .0 2 8 0 .0 6 0
Mean
M edian
0 .0 4 1  0 .1 3 6  0 .0 7 8  0 .0 7 9  0 .0 7 3
0 .0 3 1  0 .0 4 2  0 .0 7 9  0 .0 4 4
A rsenic  (p.p.m.) A n t i m o n y  (p.p.m.)
°/«
40H
2 0 -
40 H
20
4>in'
30 Caries Res . Vol. 1, No. 4 (10C.7)
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T a b le  5
Antim ony c o n t e n t  o f  Enamel from  E g y p t i a n  P a t i e n t s
(a n t im o n y  p . p . m . )
U n t r e a t e d  p a t i e n t s  
(no b i l h a r z i a )
T r e a te d  p a t i e n t s  
( a n t im o n y  t r e a t m e n t  
f o r  b i l h a r z i a )
Age Sex T o o th Sb l e v e l Age Sex T o o th Sb l e v e l
19 P 0 .0 5 5 41 M 57 0 .0 8 0
19 F 6 / 0.027 50 F 67 0.091
19 F 67 0 .0 1 2 15 M 0.194
25 F Z6 0 .0 1 8 50 M 77 0 .0 5 8
25 F / 6 0 .0 9 6 50 - 67 0 .1 8 9
28 F 8 / 0 .0 2 5 22 M 67 0 .0 4 5
20 F / 6 0 .0 5 9 27 M 77 0 .0 5 4
22 M /5 0 .0 2 2 40 F 67 0 .0 2 5
50 F 67 0 .0 2 7 25 M / 8 0 .0 2 4
4-5 F 6 / 0 .0 1 2
Mean a n tim o n y
c o n t e n t 0 .0 5 4
Mean a n tim o n y
c o n t e n t 0.070
M edian a n tim o n y  
c o n t e n t 0 .0 2 6
M edian an tim o n y  
c o n t e n t 0 .0 5 8
D i s c u s s i o n
Antim ony a p p e a r s  t o  be  p r e s e n t  i n  t e e t h ,  a s  i n  o t h e r  
body  t i s s u e s ,  a s  a  n o n - e s s e n t i a l  t r a c e  e le m e n t  whose p r e ­
s e n c e  d e p en d s  on t h e  a b s o r p t i o n  o f  a n tim o n y  i n t o  t h e  body  
f ro m  t h e  d i e t  o r  t h e  a tm o s p h e re .  No d i f f e r e n c e  was fo u n d  
b e tw e e n  t h e  an tim o n y  c o n t e n t  o f  o u t e r  and  i n n e r  enam el 
l a y e r s .  T here  would a p p e a r  t o  be s l i g h t l y  more a n tim o n y  
p r e s e n t  i n  t e e t h  from  p e o p le  who have a  h i s t o r y  o f  an tim ony
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i n j e c t i o n s .  T h is  d i f f e r e n c e  i s  n o t  v e r y  s i g n i f i c a n t  and 
f u r t h e r  c o n s i d e r a t i o n  m ust he g iv e n  t o  f a c t o r s  su c h  a s  t h e  
age o f  t h e  s u b j e c t  when d ru g s  w ere  a d m i n i s t e r e d  t o g e t h e r  w i th  
d o sa g e  and  d u r a t i o n  o f  a d m i n i s t r a t i o n .  The l e v e l  o f  
a n t im o n y  i n  enam el f ro m  u n t r e a t e d  E g y p t i a n  s u b j e c t s  i s  
s l i g h t l y  lo w e r  t h a n  t h a t  o f  enam el f rom  S c o t t i s h  s u b j e c t s .  
T h is  may b e  a t t r i b u t a b l e  t o  t h e  h i g h e r  d e g re e  o f  i n d u s t r i a l  
c o n t a m i n a t i o n  i n  Glasgow r e l a t i v e  t o  A l e x a n d r i a .
Summary
The a n tim o n y  c o n t e n t  o f  t h e  o u t e r  and i n n e r  l a y e r s  o f  
enam el f ro m  sa m p le s  o f  human t e e t h  was d e te rm in e d  b y  a 
m eth od  o f  n e u t r o n  a c t i v a t i o n  a n a l y s i s .  The s a m p le s ,  w e ig h ­
i n g  from  20-25  m g . , w ere i r r a d i a t e d  i n  a  r e a c t o r  f o r  t h r e e
12 2d a y s  a t  a  t h e r m a l  n e u t r o n  f l u x  o f  10 n /cm  / s e c .  The 
a n t im o n y  a c t i v i t y  was d e te r m in e d  a f t e r  a  r a d i o - c h e m i c a l  
s e p a r a t i o n  by  means o f  a  G e ig e r  c o u n t e r .  The sa m p le s  
a n a ly s e d  w ere fro m  t h e  t e e t h  o f  S c o t t i s h  p a t i e n t s  and  a l s o  
f ro m  E g y p t i a n  p a t i e n t s  some o f  whom h a d  r e c e i v e d  an tim o n y  
i n j e c t i o n s  i n  t r e a t m e n t  o f  b i l h a r z i a s i s . No d i f f e r e n c e  was 
fo u n d  i n  t h e  an tim o n y  c o n t e n t  o f  t h e  o u t e r  and  i n n e r  enam el 
l a y e r s .  The mean l e v e l  o f  an tim o n y  fo u n d  was 0 .0 4  p .p .m .  
and  t h e  r a n g e  0.005  -  0 .6 7  p .p .m .
A cknow ledgm ents
The a u t h o r s  w ish  t o  t h a n k  P r o f e s s o r  G. F o rb e s  and 
D r. J .M .A . . L e n ih a n  f o r  t h e i r  e n co u rag e m en t  i n  t h i s  w ork .
We a r e  g r a t e f u l  t o  t h e  S c o t t i s h  H o s p i t a l s  Endowment R e s e a rc h  
T r u s t  f o r  f i n a n c i a l  s u p p o r t  i n  t h i s  s t u d y .
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ESTIMATION OF ZINC IN HUMAN ENAMEL 
BY ACTIVATION ANALYSIS
Summary
C hem ica l and  p h y s i c a l  m ethods a r e  d e s c r i b e d  f o r
e s t i m a t i n g  z in c  i n  b i o l o g i c a l  t i s s u e s  by  means o f  n e u t r o n
a c t i v a t i o n  a n a l y s i s .  S m a ll  enam el sam p le s  w e ig h in g
a p p r o x i m a t e ly  20 mg. w ere  t a k e n  from  t h e  o u t e r  and  i n n e r
l a y e r s  o f  p e rm a n e n t  human t e e t h  and  i r r a d i a t e d  i n  a  r e a c t o r
1P 2t h e r m a l  n e u t r o n  f l u x  o f  10 ' n /cm  / s e c .  A s t a n d a r d  z in c  
sam p le  was i r r a d i a t e d  f o r  a  s i m i l a r  p e r i o d .  The r e s u l t s  
showed t h a t  z in c  was p r e s e n t  i n  a l l  enam el sa m p le s  and 
r a n g e d  fro m  56—1550 p .p .m .  G r e a t e r  c o n c e n t r a t i o n s  o f  z in c  
w ere  fo u n d  i n  t h e  o u t e r  enam el l a y e r  t h a n  i n  t h e  i n n e r .  
S a t i s f a c t o r y  a g re e m e n t  o f  r e s u l t s  was fo u n d  b e tw e e n  t h e  
c h e m ic a l  and  i n s t r u m e n t a l  m e th o d s .
E s t i m a t i o n  o f  Z in c  i n  Human Enamel b y  A c t i v a t i on A n a ly s i s
Z in c  i s  a  c o n s t a n t  t r a c e  e le m e n t  fo u n d  i n  a l l  human 
t i s s u e s  and  f l u i d s .  V a lu e s  o f  1*4 t o  2*59 g* have  b e e n  
e s t i m a t e d  f o r  t h e  w hole  body  i n  a  70 k g .  man (Widdowson, 
McCance and  S p r a y ,  1 9 5 1 ) .  I t  a p p e a r s  t o  be an  e s s e n t i a l  
t r a c e  e le m e n t  and i s  a  c o n s t i t u e n t  o f  t h e  enzyme c a r b o n i c  
a n h y d r a s e .  The z in c  c o n t e n t  i n  human t i s s u e  r a n g e s  from  
12 p .p .m .  i n  t h e  a d r e n a l  g l a n d s  t o  h i g h e r  c o n c e n t r a t i o n s  
i n  t h e  s k e l e t o n .  I n  b l o o d ,  z in c  i s  a  c o n s t a n t  c o n s t i t u e n t  
o f  p la s m a  o r  se rum  and  o f  e r y t h r o c y t e s  and  l e u c o c y t e s .
The z in c  c o n t e n t  o f  t h e  s k e l e t o n  h a s  b e e n  g iv e n  by  T a y lo r  
(1 9 6 1 )  a s  r e l a t i v e l y  h i g h  a t  1 50 -20 0  p .p .m .  He s t a t e s
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t h a t  z in c  i s  t a k e n  up and r e t a i n e d  by  t h e  s k e l e t o n .  P r e ­
v i o u s  s t u d i e s  on t h e  z in c  c o n t e n t  o f  t e e t h  have b e e n  c a r r i e d  
o u t  by  C ru ic k s h a n k  ( 1 9 3 6 ) .  U s in g  c h e m ic a l  a n a l y s i s  he 
fo u n d  c o n c e n t r a t i o n s  o f  z in c  i n  enam el t o  be  w i t h i n  t h e  
r a n g e  2 1 1 -2 6 0  p .p .m .  f o r  p e rm a n e n t  t e e t h .  I n  d e n t i n e  t h e  
c o n c e n t r a t i o n  was 130 p .p .m .  H is  m ethod  o f  s e p a r a t i o n  o f  
enam el and d e n t i n e  w as, h o w e v e r ,  e m p i r i c a l .  I n  a l a t e r  
p a p e r  G ru ic k s h a n k  (194-0) s t a t e d  t h a t  a  17*1% i n c r e a s e  o f  
z in c  was fo u n d  i n  enam el o f  p a t i e n t s  s u f f e r i n g  from  
t u b e r c u l o s i s .
E s t i m a t i o n s  o f  z in c  w ere  c a r r i e d  o u t  by  B ru d e v o ld  
e t  a l .  (1 9 6 3 )  by  s p e c t r o g r a p h i c  and  s p e c t r o - p h o t o m e t r i c  
m e th ods  u s i n g  p o o le d  s a m p le s  o f  t e e t h .  T hese  i n v e s t i g a t o r s  
f o u n d  t h a t  t h e  c o n c e n t r a t i o n  o f  z in c  was much h i g h e r  on t h e  
o u t e r  s u r f a c e  o f  enam el t h a n  on t h e  s u b - s t r u c t u r e  and t h a t  
c o n c e n t r a t i o n s  r a n g e d  from  430-2100  p .p .m .  The c o n c e n t r a ­
t i o n  o f  t h e  d e e p e r  l a y e r s  o f  enam el was s i m i l a r  t o  t h o s e  
p r e v i o u s l y  shown by G ru ic k s h a n k  (1 9 3 6 ) .
S o rem ark  and S am sah l (1 9 6 1 )  fo u n d  a  mean v a lu e  o f  
276 p .p .m .  f o r  enam el u s i n g  gam m a-ray s p e c t r o m e t r y  b u t  no 
s e p a r a t i o n  o f  enam el i n t o  l a y e r s  was a t t e m p t e d .  They 
s t a t e d  t h a t  z in c  l e v e l s  i n  enam el w ere  h i g h e r  t h a n  i n  
d e n t i n e .
I s o t o p e s
On n e u t r o n  i r r a d i a t i o n ,  t h e  f o l l o w i n g  i s o t o p e s  o f  
z in c  a r e  p r o d u c e d : -
Zn6 ^ ,  Zn6^ ,  Zn6 ^m, Z n ^ , Z n ^ m. I n  t h i s  work Zn6<^  ( t ^  -
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57 m i n s . )  and Z n ^  ( t 1 -  245 d a y s )  were u s e d .  I t  i s  a l s o■?
p o s s i b l e  t o  u se  Z n ^ m ( t ^  -  15*8 h o u r s )  b u t  w i t h  d e c r e a s e d  
s e n s i t i v i t y .  Zn6^ ,  and Zn6 ^m may be d e t e c t e d  u s i n g  a 
G e ig e r  c o u n t e r .  A s c i n t i l l a t i o n  c o u n te r  i s  r e q u i r e d  f o r  
Zn6 5 .
Sample p r e p a r a t i o n
The enam el sa m p le s  a r e  p r e p a r e d  fro m  so u n d , e x t r a c t e d  
human t e e t h ,  f r e e  fro m  enam el d e f e c t s .  The enam el i s  
s e p a r a t e d  i n t o  an i n n e r  and  an o u t e r  l a y e r  u s i n g  a  c a r b o r ­
undum c u t t i n g  d i s c  w i t h  a  m ic ro m e te r  g a u g e .  The s i z e  o f  
sam p le  u s e d  i s  a b o u t  20 mg.
A n a l y t i c a l  Method
Two m ethods o f  a n a l y s i s  a r e  u s e d  i n  t h i s  s t u d y .
( a )  Q hem ical S e p a r a t i o n
The sa m p le s  and  a z in c  s t a n d a r d  a r e  i r r a d i a t e d  f o r
1 h o u r  i n  a  r e a c t o r  w i t h  a  t h e r m a l  n e u t r o n  f l u x  o f
1 ? P 6910 n /cm  / s e c .  T h is  i r r a d i a t i o n  p ro d u c e s  m a in ly  Zn .
F o l lo w in g  i r r a d i a t i o n ,  t h e  sa m p le s  a r e  d i g e s t e d  i n  16M 
n i t r i c  a c i d  a lo n g  w i t h  10 mg. o f  b o t h  c o p p e r  and  z in c  
c a r r i e r .  The z in c  s t a n d a r d  ( a b o u t  1 m ic rog ram  o f  z i n c )  
i s  s i m i l a r l y  t r e a t e d .  When d i g e s t i o n  i s  c o m p le te ,  t h e  
s o l u t i o n s  a r e  e v a p o r a t e d  t o  d r y n e s s .  1 m l. o f  11M h y d ro ­
c h l o r i c  a c i d  i s  ad d ed  and  t h e  sam ple  t a k e n  t o  d r y n e s s  a g a i n .  
The r e s i d u e  i s  t h e n  d i s s o l v e d  i n  a b o u t  10 m l. o f  2M 
h y d r o c h l o r i c  a c i d  and  t r a n s f e r r e d  t o  a  s t r o n g l y  b a s i c  
a n io n  exchange  r e s i n  i n  t h e  c h l o r i d e  fo rm . A f t e r  t r a n s f e r ,
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t h e  co lum n i s  w ashed  w i t h  25 m l. o f  0 . 12M h y d r o c h l o r i c  a c i d  
c o n t a i n i n g  sod ium  c h l o r i d e  ( 10% w /v) 25 m l. o f  2M sodium  
h y d r o x id e  s o l u t i o n  c o n t a i n i n g  sodium  c h l o r i d e  ( 2% w /v) 
a r e  t h e n  p a s s e d  t h r o u g h  t h e  colum n t o  e l u t e  th e  z i n c .
The z in c  f r a c t i o n  i s  made s l i g h t l y  a c i d  w i th  1 7 . 5M 
a c e t i c  a c i d  a n d  h e a t e d  i n  a  w a te r  b a t h .  5 m l. o f  q u i n a l d i c  
a c i d  s o l u t i o n  ( 2% w /v )  i s  added  t o  p r e c i p i t a t e  t h e  z in c  as  
t h e  q u i n a l d a t e .  The p r e c i p i t a t e  i s  w ashed w i t h  w a te r  and 
a c e t o n e ,  t r a n s f e r r e d  t o  an  a lu m in iu m  p l a n c h e t t e  and d r i e d  
a t  100°G. The a c t i v i t y  i s  m ea su re d  w i th  an end  window 
G e ig e r  c o u n t e r .  F o l lo w in g  c o r r e c t i o n  f o r  b a c k g ro u n d  
r a d i a t i o n ,  d e c a y  and  c h e m ic a l  r e c o v e r y ,  t h e  z in c  c o n t e n t  i s  
c a l c u l a t e d  by  c o m p a r is o n  w i t h  t h e  z in c  s t a n d a r d .
(b )  I n s t r u m e n t a l
F o r  t h i s  a n a l y s i s  t h e  enam el sam p le s  and z in c  s t a n d a r d  
a r e  i r r a d i a t e d  f o r  one week i n  a  r e a c t o r  w i t h  a th e r m a l  
n e u t r o n  f l u x  o f  1 0 ^  n / c m ^ / s e c .  (BEPO, H a r w e l l ) .  They 
a r e  t h e n  p u t  a s id e  f o r  a b o u t  t h r e e  m onths so  t h a t  t h e  s h o r t ­
l i v e d  a c t i v i t i e s  d e c a y .  A f t e r  t h i s  d e c a y  p e r i o d  gamma 
s p e c t r o m e t r i c  a n a l y s i s  shows t h a t  t h e  o n ly  p h o to p e a k  r e m a in ­
i n g  i n  t h e  sam ple  i s  f ro m  Zn6^ ( t ^  -  245 d a y s ) .  U s in g  a  
p u l s e  h e i g h t  a n a l y s e r  and  a sod ium  i o d i n e  ( T l )  c r y s t a l ,  t h e  
a c t i v i t y  i n  sa m p le s  and s t a n d a r d s  a r e  m ea su re d  o v e r  t h e  
Zn6 ^ p h o to p e a k  (1 .1 2  MeV). The z in c  c o n t e n t  o f  t h e  
sa m p le s  i s  c a l c u l a t e d  by  c o m p a r is o n  o f  t h e  m ea su re d  a c t i v i t y  
w i t h  t h e  s t a n d a r d  f o l l o w i n g  a  c o r r e c t i o n  f o r  b a c k g ro u n d  
r a d i a t i o n .
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R e s u l t s
The r e s u l t s  o b t a i n e d  b y  t h e  two m ethods o f  a n a l y s i s  
a r e  shown i n  T a b le s  1 and  2 ,  and  F ig u r e  I .  The a g re em e n t 
b e tw e e n  t h e  two m ethods i s  shown t o  be  s a t i s f a c t o r y  by  
c o m p a r is o n  o f  t h e  mean v a l u e s  and t h e  r a n g e s  o f  z in c  c o n t e n t  
fo u n d  i n  t h e  d i f f e r e n t  l a y e r s  ex am ined . I n  g e n e r a l ,  t h e  
s p r e a d  o f  v a l u e s  i s  s l i g h t l y  g r e a t e r  f o r  sam p le s  a n a ly s e d  
b y  t h e  i n s t r u m e n t a l  m ethod  b u t  t h i s  i s  n o t  u n e x p e c te d  s i n c e  
more s a m p le s  w ere  a n a l y s e d  by  t h i s  m ethod .
I t  c a n  be s e e n  from  t h e  r e s u l t s  t h a t  an  o c c a s i o n a l  
u n u s u a l l y  h i g h  z in c  v a lu e  i s  fo u n d  i n  some sa m p le s  u s i n g  
e i t h e r  m ethod  o f  a n a l y s i s . I t  i s  o b s e r v e d  t h a t  many o f  
t h e s e  h ig h  v a l u e s  c o r r e s p o n d  w i th  r a t h e r  s m a l l  enam el 
s p e c im e n s .  The h i g h  v a lu e  may be  o b t a i n e d  by  a n a l y s i n g  a 
s e c t i o n  o f  s u r f a c e  enam el r e l a t i v e l y  r i c h e r  i n  z in c  t h a n  
t h e  more d e e p ly  c u t  s e c t i o n s .  To exam ine t h i s  s u g g e s t i o n ,  
v e r y  t h i n  v e r t i c a l  s e c t i o n s  o f  enam el f ro m  d i f f e r e n t  l e v e l s  
i n  t h e  enam el a r e  a n a l y s e d  and  t h e  r e s u l t s  shown i n  
T a b le  5*
The p a t t e r n  o f  t h e s e  r e s u l t s  shows a  d e f i n i t e  f a l l  i n  
t h e  enam el z in c  l e v e l  f rom  t h e  o u t e r  s u r f a c e  in w a rd .  They 
do n o t  show t h e  v e r y  h i g h  l e v e l s  i n  t h e  o u te r m o s t  l a y e r s  
w h ic h  may b e  e x p e c te d .  I t  s h o u ld  be  n o t e d ,  ho w ev er ,  t h a t  
t h e  z in c  l e v e l s  o f  t h i s  t o o t h  a r e  lo w e r  t h a n  i n  some o t h e r  
t e e t h  e x am in ed .
The e l e v a t e d  v a l u e s  i n  t h e  o u t e r  s e c t i o n s  o f  enam el 
r e q u i r e  some o t h e r  e x p l a n a t i o n  s u c h  a s  u p ta k e  o f  z in c  fro m  
e i t h e r  amalgam f i l l i n g s  o r  z in c  o x id e  c e m e n ts .  Enamel 
s e c t i o n s  f ro m  te e th  a d j a c e n t  t o  t e e t h  c o n t a i n i n g  amalgam
Sa
mp
le
s 
c}° 
Sa
mp
le
s 
$>
 
Sa
mp
le
s
FIGURE I
! 601
| -
2 0 “
(e n a m e l zinc c o n t e n t)
60 -i
40 _
2 0 -
4 0 .
20 -I
(5)
s. I 
\
c a e i  g  
ZINC CONTENT ( p .p .m . )
b dca
(4)
ZINC , CONTENT (p . p . m . )  
a  0 -  100 ( l )  O uter G in g iv a l
b 101 -  200 (2) In n e r  G ing iva l
c 201 -  300 ( 3 ) O uter M iddle
d 301 -  400 ( 4 ) In n e r  M iddle
e 401 -  500 ( 5 ) O cc lu sa l
f  501 -  600
g over 600
7307^5
76
Table 1
Enamel z in c  c o n t e n t  (ppm) -  r e s u l t s  from  a n a l y s i s  
w i t h o u t  c h e m ic a l  s e p a r a t i o n
Sample D e s c r i p t i o n L ay e r  D e s c r i p t i o n
Sex Age T o o th
O c c l u s a l M iddle G in g iv a l
j r  s . O u te r I n n e r O u te r I n n e r
1 M 24 /B 773 1070 303 1550 352
2 F 24 / 8 475 362 387 925 425
3 M 22 87 406 681 267 775 584
4 M 32 87 359 725 344 626 440
3 M 27 / s 384 774 214 238 247
6 M 18 / 8 546 213 251 421 251
7 F 31 87 530 711 196 244 155
8 M 21 / 8 762 245 163 392 58
9 F 25 / s 551 496 197 564 201
10 F 27 87 476 301 226 217 267
11 F 21 87 820 387 149 866 151
12 F 21 / 8 177 358 167 294 159
13 F 24 / 8 385 309 309 471 216
14 F 29 8 / 407 339 180 332 210
13 M 23 8 7 352 429 206 441 246
16 M 32 1 / 322 263 208 493 145
17 M 32 310 441 192 432 192
18 M 17 87 511 492 164 455 206
19 M 17 87 364 291 20 7 273 182
20 F 22 / 8 344 463 183 387 234
Mean
R anges
463
1 7 7 -
820
468
2 1 3 -  
10 70
■ 226
1 49-
387
519
217-
1550
246
58 -
584
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T ab le  2
Enamel z in c  c o n t e n t  (p p m ).
R e s u l t s  from  a n a l y s i s  w i t h  c h e m ic a l  s e p a r a t i o n
Sample D e s c r i p t i o n L ay er  D e s c r i p t i o n
Sex Agey r s . T o o th  ■
O c c lu s a l M iddle G in g iv a l
O u te r I n n e r O u te r I n n e r
A F 25 / 8 327 504 165 655 187
B F 29 / 8 437 566 125 328 192
C F 18 / 8 371 502 248 580 366
D F 29 / 8 419 - - 4-79 322
E F 27 / 8 271 520 182 289 110
F M 15 87 362 - - 471 131
G F 27 / 8 - 336 231 992 379
Mean 365 446 190 542 241
2 7 1 - 302- 1 2 5 - 2 8 9 - H O -R anges 437 566 248 992 379
T a b le  3
T h in  s e c t i o n  a n a l y s i s  f ro m  a s i n g l e t o o t h
L a y e r  T h ic k n e s s  W eight 
D e s c r i p t i o n  Cmm.) D (m g .)
Z inc  c o n t e n t  
(ppm)
O u te r 0 .0 6 0 0 .72 202
O u te r 0 .0 6 0 0.70 219
O u te r 0.052 0 .6 6 242
M idd le 0 .0 7 5 1 .1 6 131
I n n e r 0 .0 6 0 0 .7 8 113
I n n e r 0 .0 8 2 1 .0 2 125
I n n e r 0 .0 6 7 0 .9 7 59
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f i l l i n g s  w ere  e x am in e d . No s i g n i f i c a n t l y  h ig h  v a l u e s  were 
fo u n d  i n  t h e s e  t e e t h  t o  s u p p o r t  t h i s  h y p o t h e s i s .
D i s c u s s i o n
The r e s u l t s  o f  t h e  p r e s e n t  s tu d y  show t h a t  t h e  co n ce n ­
t r a t i o n s  o f  z in c  a r e  g r e a t e r  i n  th e  o u te rm o s t  l a y e r s  o f  
enam el t h a n  i n  t h e  i n n e r  l a y e r s .  I t  would a p p e a r  t h a t  a  
c e r t a i n  am ount o f  z in c  i s  i n c o r p o r a t e d  i n  t h e  d e v e lo p in g  
enam el and  t h a t  t h e r e  may he  an  i n c r e a s e d  d e p o s i t i o n  a f t e r  
e r u p t i o n .  B ru d e v o ld  e t  a l .  (1 963 )  have  shown t h a t  h y d ro x y -  
a p a t i t e  r a p i d l y  a c q u i r e s  z i n c .  M i g r a t i o n  o f  z in c  i o n s  may 
t a k e  p l a c e  f ro m  amalgam f i l l i n g s  s i m i l a r  t o  t h o s e  o f  m ercu ry  
(N ixo n  and  S m i th ,  1965) h u t  t h i s  h a s  n o t  h e e n  s u p p o r te d  hy  
o u r  f i n d i n g s .  Z inc  fo rm s  com p lex es  r e a d i l y  w i th  p la s m a
p r o t e i n s  and R u b in i  (1 9 6 1 )  h a s  shown w i t h  i s o t o p e  s t u d i e s
65t h a t  i n t r a v e n o u s l y  a d m i n i s t e r e d  Zn ^ c o n c e n t r a t e s  m  t h e  
l i v e r ,  p a n c r e a s  and  s p l e e n  and t h i s  may be  t r a n s f e r r e d  t o  
t h e  s k e l e t o n  w here  i t  i s  f i r m l y  f i x e d .
A cknow ledgm ents
The a u t h o r s  w is h  t o  t h a n k  P r o f e s s o r  G. F o rb e s  and  
D r. J .M .A . L e n ih a n  f o r  t h e i r  s u p p o r t  and en co u rag em en t i n  
t h i s  w ork and a l s o  t h e  S c o t t i s h  R e s e a r c h  R e a c to r  C e n tre  f o r  
l a b o r a t o r y  and  s h o r t  i r r a d i a t i o n  f a c i l i t i e s .
We a r e  g r a t e f u l  t o  t h e  S c o t t i s h  H o s p i t a l s  Endowment 
R e s e a r c h  T r u s t  f o r  f i n a n c i a l  s u p p o r t  i n  t h i s  s t u d y .
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P A P E R  13
TRACE ELEMENTS IN HUMAN TOOTH ENAMEL
G. S .  N ix o n , H. S m ith  and H. D. L i v i n g s t o n
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TRACE ELEMENTS IN HUMAN TOOTH ENAMEL
The im p o r ta n c e  o f  t h e  t r a c e  e le m e n ts  i n  t h e  p r e v e n t i o n  
and r e d u c t i o n  o f  d e n t a l  c a r i e s  h a s  n o t  y e t  b e e n  f u l l y  
e s t a b l i s h e d .  T h ere  a r e  many i n d i c a t i o n s  t h a t  t r a c e  e le m e n ts  
do p l a y  an  i m p o r t a n t  p a r t  i n  c a r i e s - r e s i s t a n c e . The m ost 
n o t a b l e  t r a c e  e le m e n t  i s  o f  c o u r s e  f l u o r i n e .  Molybdenum, 
v a n a d iu m , m anganese  and  b o ro n  a r e  s a i d  t o  p o s s e s s  a n t i -  
c a r i o g e n i c  p r o p e r t i e s .
W hile  i t  i s  c o n s i d e r e d  t h a t  t h e  c o m p o s i t io n  o f  th e  
t o o t h  i s  n o t  t h e  o n ly  f a c t o r  i n  t h e  c a r i o u s  p r o c e s s  i t  may 
p l a y  a  more s i g n i f i c a n t  p a r t  t h a n  h a s  h i t h e r t o  b e e n  
b e l i e v e d .  An o b v io u s  a p p ro a c h  t o  t h e  p ro b le m  i s  t o  d e t e r ­
m ine v a r i a t i o n s  i n  t h e  c o m p o s i t io n  o f  c a r i e s - f r e e  and 
c a r i e s - p r o n e  t e e t h .  T h is  a p p ro a c h  i s  n o t  as  s t r a i g h t  
f o r w a r d  a s  i t  w ou ld  a p p e a r .  D i f f i c u l t i e s  a r i s e  su c h  a s  i n  
d e c i d i n g  w h ic h  t e e t h  a re  c a r i e s - f r e e  and  w h ich  a r e  c a r i e s -  
p r o n e .  D e s p i t e  t h e s e  p ro b le m s  t h e  c o m p o s i t io n  o f  th e  t e e t h  
i s  one o f  t h e  i m p o r t a n t  f a c t o r s  u n d e r  i n v e s t i g a t i o n  a t  
p r e s e n t .  A n a ly s e s  o f  s u c c e s s i v e  l a y e r s  o f  enam el have 
shown t h a t  t h e  c h e m i s t r y  o f  t h e  s u r f a c e  enam el d i f f e r s  from  
t h a t  o f  t h e  u n d e r l y i n g  l a y e r s .  S p e c i a l  a t t e n t i o n  i s  g iv e n  
t o  t h e  s u r f a c e  enam el s i n c e  i t  i s  t h e  s i t e  o f  t h e  i n i t i a l  
a t t a c k  by  c a r i e s  and  a l s o  a s  i t  a p p e a r s  more r e s i s t a n t  t o  
t h e  c a r i o u s  p r o c e s s  t h a n  t h e  d e e p e r  l a y e r s  o f  e n a m e l .  The 
t r a c e  e le m e n t s  w h ich  a r e  o f  g r e a t e s t  i n t e r e s t  i n  c o n s i d e r i n g  
t h e  m echan ism  o f  d e n t a l  c a r i e s  a r e  t h o s e  w h ich  i n c r e a s e  t h e  
r e s i s t a n c e  o f  t h e  enam el s u r f a c e .
Many m etho ds  have  b e e n  em ployed  t o  d e te r m in e  t h e  l e v e l
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o f  o v e r  tw e n ty  e le m e n ts  i n  t e e t h .  I n  g e n e r a l ,  t h e r e  i s  
good a g re e m e n t  b e tw e e n  t h e  r e s u l t s  o b t a i n e d  by a c t i v a t i o n  
a n a l y s i s  and  o t h e r  m e th o d s .  One o f  t h e  d i f f i c u l t i e s  i n  
p r e v i o u s  m e tho ds  o f  a n a l y s i s  h a s  b e e n  i n  o b t a i n i n g  s u f f i c i e n t  
q u a l i t y  o f  s a m p le .  As t h e  d i s t r i b u t i o n  o f  many e le m e n ts  
v a r i e s  t h r o u g h o u t  t e e t h  and ev en  w i t h i n  th e  enam el o f  an 
i n d i v i d u a l  t o o t h ,  r e s u l t s  may v a r y  a c c o r d in g  t o  t h e  m ethod 
by  w h ic h  t h e  sa m p le s  a r e  t a k e n .  Where p o o le d  t o t a l  enam el 
sa m p le s  f ro m  d i f f e r e n t  t e e t h  have  b e e n  t a k e n  an a v e ra g e  
c o n c e n t r a t i o n  o f  th e  e le m e n t s  w i l l  be o b t a i n e d .  Where 
p o o le d  sa m p le s  o f  enam el l a y e r s  have b e e n  u s e d  a v e ra g e  
v a r i a t i o n s  b e tw e e n  l a y e r s  w i l l  be  o b t a i n e d .
The g e n e r a l  a d v a n ta g e s  o f  a c t i v a t i o n  a n a l y s i s  t e c h ­
n i q u e s  i n  r e l a t i o n  t o  t h i s  s t u d y  may be  c o n s i d e r e d  as  
f o l l o w s :
( a )  S p e c i f i c i t y  and c e r t a i n t y  o f  i d e n t i t y .
The i d e n t i t y  o f  th e  e le m e n t  d e t e c t e d  c a n  be c o n f i rm e d  
by  d e c a y  o r  f - s p e c t r a  s t u d i e s .  T h is  p r o v i d e s  a  c h e c k  
a g a i n s t  t h e  i n t e r f e r e n c e  b y  a n o th e r  e le m e n t  i n  t h e  m ea su re ­
m e n t .  Once t h e  t e c h n i q u e  h a s  b e e n  e s t a b l i s h e d  t h e r e  i s  
se ld o m  any  d i f f i c u l t y  w i t h  i n t e r f e r e n c e s .
( b )  Freedom  fro m  r e a g e n t  c o n ta m i n a t i o n .
( c )  The a v o id a n c e  o f  m i c r o - s e p a r a t i o n s .
( d )  The a n a l y s i s  o f  up t o  f i f t y  sa m p le s  c a n  be 
c a r r i e d  o u t  i n  a  s i n g l e  d ay  ( a p a r t  from  sam ple  p r e p a r a t i o n  
and  i r r a d i a t i o n ) .
( e )  H igh  s e n s i t i v i t y .
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R e s u l t s
The r e s u l t s  a r e  su m m arised  i n  T ab le  1 and i n  F ig u re  1 . 
The m eth o d s  em ployed  f o r  a n a l y s i s  o f  t h e s e  e le m e n ts  a re  
shown i n  T a b le  2 .  The r e s u l t s  show t h a t  n o n - e s s e n t i a l  
t r a c e  e l e m e n t s  (S b ,  Hg, As) have  a  skew d i s t r i b u t i o n  and 
e s s e n t i a l  e l e m e n t s  (Ou, Mn, Zn) , a  no rm al d i s t r i b u t i o n .
I t  s h o u ld  be n o t e d  t h a t  f o r  c o n v e n ie n c e  t h e  f i g u r e s  a l l  
have  a  l o g a r i t h m i c  b a s e  and a s  su c h  s h o u ld  a l l  have a  norm al 
d i s t r i b u t i o n .  H ow ever, t h o s e  w i t h  n a rro w  d i s t r i b u t i o n  
r a n g e s  g iv e  n o rm a l d i s t r i b u t i o n s  on a  l i n e a r  b a se  w h i le  
t h o s e  w i t h  w ide  r a n g e s  g iv e  skew d i s t r i b u t i o n s  on a  l i n e a r  
s c a l e .
I n  t h e  enam el a n a l y s i s  c o p p e r  i s  o n ly  a  f a i r  f i t  f o r  
t h i s  o b s e r v a t i o n  b u t  w i t h  o t h e r  t i s s u e s  i t  i s  a  much b e t t e r  
f i t  [ 9 3 .  T h is  may i n d i c a t e  t h a t  c o p p e r  i s  p r e s e n t  i n  
enam el i n  am ounts  w h ich  a r e  n o t  a d j u s t e d  by  t h e  n o rm al body  
c o p p e r  l e v e l  c o n t r o l  m echan ism . The o t h e r  e le m e n ts  a l l  
seem t o  f i t  i n t o  t h e i r  p r o p e r  p a t t e r n s  w i t h o u t  d e v i a t i o n .
A ntim ony
A ntim ony a p p e a r s  t o  be  p r e s e n t  i n  t e e t h  as i n  o t h e r  
body  t i s s u e s  a s  a  n o n - e s s e n t i a l  t r a c e  e le m e n t  w here i t s  
p r e s e n c e  d e p e n d s  upon t h e  a b s o r p t i o n  o f  a n tim o n y  i n t o  t h e  
body from  t h e  d i e t  o r  t h e  a tm o s p h e re .  The mean l e v e l  o f  
an tim o n y  fo u n d  was 0 .0 4  ppm. and t h e  r a n g e  0 .0 0 5 - 0 .6 7  PP21*
No d i f f e r e n c e  was fo u n d  b e tw e e n  t h e  a n tim o n y  c o n t e n t  o f  
t h e  s u r f a c e  and t h e  d e e p e r  l a y e r s  o f  en am e l.
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i d 2 A dequate  s e n ­s i t i v i t y
A r s e n ic
The l e v e l  o f  a r s e n i c  was s i m i l a r  t o  t h a t  o f  an tim o ny  
and l a y  w i t h i n  t h e  r a n g e  o f  0 .0 3 1 - 0 .1 4 5  ppm* g i v i n g  a  mean 
v a lu e  o f  0 .0 6 0  ppm.
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Cadmium
L i t t l e  cadmium a c t i v i t y  c o u ld  be found  i n  any o f  th e  
s a m p le s .  I t  was e s t i m a t e d  t h a t  t h e  amount o f  cadmium i n  
t e e t h  m ust b e  l e s s  t h a n  0 .0 3  ppm. As sam ple  s i z e s  n e c ­
e s s a r y  t o  o b t a i n  a c t i v i t y  i n c l u d e d  a l l  a v a i l a b l e  enam el 
f rom  one t o o t h  t h i s  i n v e s t i g a t i o n  was n o t  c o n t in u e d .
Conner
S l i g h t  v a r i a t i o n s  w ere  o b s e r v e d  b e tw ee n  t h e  s u r f a c e  
o r  o u t e r  enam el l a y e r  and t h e  i n n e r  enam el l a y e r ,  b u t  th e  
d i f f e r e n c e  i s  so  s m a l l  a s  t o  have  no s i g n i f i c a n c e .  The 
mean o f  t h e  o u t e r  enam el l a y e r  was 9 .5  ppm. and t h a t  o f  
t h e  i n n e r  enam el l a y e r  was 11.3  ppm.
M ercu ry
A mean v a lu e  o f  2 .7 9  ppm. was o b t a i n e d  f o r  t h e  o u t e r  
enam el l a y e r  and  2 .3 4  ppm. f o r  t h e  i n n e r  e n am el.  I n  
t e e t h  w h ich  h ad  n o t  e r u p t e d  i n t o  t h e  o r a l  c a v i t y  t h e  
m e rc u ry  c o n t e n t  o f  t h e  enam el was o f  t h e  o r d e r  o f  0.1  ppm. 
The enam el o f  t e e t h  i n  c o n t a c t  w i t h  s i l v e r  amalgam f i l l i n g s  
had  m e rc u ry  c o n t e n t s  r a n g i n g  from  152-1600  ppm.
Molybdenum
M easu rem en ts  o f  molybdenum were J u s t  w i t h i n  t h e  l i m i t s
o f  d e t e c t i o n  when 1 00 -6 00  mg. o f  enam el sam ple  were u s e d .
T h is  amount a p p ro a c h e s  a l l  t h e  a v a i l a b l e  enam el from  one
t o o t h  and  i t  was n o t  c o n s i d e r e d  w o r th w h i le  t o  c o n t in u e  w i th
t h i s  i n v e s t i g a t i o n .  E u r t h e r  i n v e s t i g a t i o n s  a r e  b e in g
14 2c a r r i e d  o u t  u s i n g  a n e u t r o n  f l u x  o f  10 n /cm  / s e c .  w hich  
r e q u i r e  s m a l l e r  s a m p le s  i n  t h e  r e g i o n  o f  1 0 -2 5  mg. T h ese ,
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h o w e v er ,  hav e  t h e  d i s a d v a n t a g e s  o f  a  r e l a t i v e l y  h ig h  m a t r ix  
a c t i v i t y .
Vanadium
No e v id e n c e  o f  van ad iu m  was fo u n d  i n  o v e r  tw e n ty  
a n a l y s e s  o f  enam el v a r y i n g  i n  amount from  100 -50 0  mg. I t  
was c o n c lu d e d  t h a t  t h e  l e v e l  i n  enam el m ust be  l e s s  t h a n  
0.01  ppm.
M anganese
The m anganese  c o n t e n t  o f  o c c l u s a l  enam el r a n g e d  from  
0 .4 5 - 1 * 9 8  ppm. I n  t h e  m id d le  l a y e r  t h e  o u t e r  enam el was 
0 . 66- 2.01  p p m .,  w h i l e  t h e  i n n e r  enam el was 0 .5 4 - 0 .7 9  ppm.
I n  t h e  g i n g i v a l  l a y e r ,  t h e  o u t e r  enam el was 0 .3 5 -1 * 3 4  ppm. 
and t h e  i n n e r  enam el 0 . 30- 0.76  ppm.
The c o n c e n t r a t i o n  o f  m anganese i s  g r e a t e r  i n  t h e  o u t e r  
l a y e r  o f  enam el t h a n  on t h e  i n n e r .  Manganese i s  d e p o s i t e d  
i n  enam el d u r i n g  c a l c i f i c a t i o n  w h ich  would  a c c o u n t  f o r  t h e  
u n i f o r m i t y  o f  c o n c e n t r a t i o n  i n  t h e  i n n e r  enam el l a y e r .
T h ere  may be a  p o s t - e r u p t i v e  g a i n  i n  m anganese from  fo o d  
and  o t h e r  e x t e r n a l  s o u r c e s .
Z inc
The r e s u l t s  o f  t h e  a n a l y s i s  show t h a t  t h e  z in c  c o n te n t  
o f  t h e  o u t e r  enam el l a y e r  r a n g e d  from  213- 155^ ppm. w h i le  
t h a t  o f  t h e  i n n e r  enam el was from  58-387  ppm. The p a t t e r n  
o f  t h e  r e s u l t s  shows a d e f i n i t e  f a l l  i n  t h e  enam el z in c  
l e v e l s  f ro m  t h e  o u t e r  s u r f a c e  in w a rd .  I t  would a p p e a r  t h a t  
a  c e r t a i n  amount o f  z in c  i s  i n c o r p o r a t e d  i n  t h e  d e v e lo p in g  
enam el and t h a t  t h e r e  may be an  i n c r e a s e d  d e p o s i t i o n  a f t e r
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e r u p t i o n .  I t  h a s  b e en  shown t h a t  t h e  h y d r o x y a p a t i t e  o f  
enam el r a p i d l y  a c q u i r e s  z i n c .
D i s c u s s i o n
Of t h e  e le m e n t s  d e te r m in e d  o n ly  m anganese and z in c  
w ere  f o u n d  t o  o c c u r  i n  h i g h e r  c o n c e n t r a t i o n s  i n  t h e  o u t e r  
enam el l a y e r s .  O th e r  e le m e n t s  w h ich  have  b e e n  shown t o  
o c c u r  i n  g r e a t e r  am ounts i n  t h e  o u t e r  enam el a re  f l u o r i n e ,  
l e a d ,  i r o n ,  s i l v e r ,  s i l i c o n  and t i n  [ 10] .  I n  t h e  same 
work i t  was f o u n d  t h a t  sod iu m , m anganese and c a r b o n a te  
f o l l o w  t h e  r e v e r s e  p a t t e r n ,  i . e .  a  h i g h e r  e le m e n t  co n cen ­
t r a t i o n  i n  t h e  i n n e r  en am e l.
The z in c  and  m anganese c o n t e n t  o f  i n n e r  enam el sam p les  
shows l e s s  v a r i a t i o n  t h a n  t h e  o u t e r  enam el l a y e r .  When 
u n e r u p t e d  t e e t h  w ere  u se d  t h e  same p a t t e r n  was o b s e rv e d  
i n d i c a t i n g  t h a t  t h e  h i g h e r  o u t e r  enam el l e v e l s  a r e  n o t  o n ly  
fo rm ed  p o s t - o p e r a t i v e l y .  I t  h a s  b e e n  shown t h a t  o u t e r  
enam el f l u o r i n e  c o n t e n t  i n c r e a s e s  p o s t - e r u p t i v e l y  w i t h  age 
and d i e t a r y  f l u o r i d e  i n t a k e  w h i le  t h e  i n n e r  enam el re m a in s  
u n c h a n g e d .  A s i m i l a r  s i t u a t i o n  h a s  b e en  shown t o  e x i s t  f o r  
z in c  w i t h  r e s p e c t  t o  age  i n c r e a s e s  o f  o u t e r  enam el z in c  
l e v e l s  [ 1 0 ] ,  The p r e s e n c e  o f  e i t h e r  z in c  o r  f l u o r i n e  h as  
b e e n  shown to  i n c r e a s e  t h e  r e s i s t a n c e  o f  h y d r o x y a p a t i t e  o f  
enam el t o  a c i d  s o l u t i o n .  I t  may be t h a t  z in c  i s  a s  
im p o r t a n t  a s  f l u o r i n e  i n  i n c r e a s i n g  t h e  c a r i e s  r e s i s t a n c e  
o f  e n a m e l .
The w ide r a n g e  o f  v a l u e s  fo u n d  i n  o u t e r  enam el sam p les  
may i n v o l v e  a  p o s t - e r u p t i v e  g a in  from  e x t e r n a l  s o u r c e s  a s  
h a s  b e e n  shown i n  s e v e r a l  s t u d i e s  [ 11 ] ,  [ 12] ,  [13]*
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U s in g  a c t i v a t i o n  a n a l y s i s  t e c h n iq u e s  i t  h a s  b e en  
p o s s i b l e  t o  e s t a b l i s h  c o n c e n t r a t i o n s  o f  many t r a c e  e le m e n ts  
i n  human enam el i n  a s i n g l e  sound  t o o t h .  The g r e a t  v a lu e  
i n  t h e  m e th ods  h a s  b e e n  t h e  d e g re e  o f  s e n s i t i v i t y  and th e  
u se  o f  s m a l l  s a m p le s .  The i n i t i a l  c a r i o u s  l e s i o n  in v o lv e s  
o n ly  a  s m a l l  a rea , o f  s u r f a c e  enam el and i s  c h a r a c t e r i s e d  
by t h e  p r o d u c t i o n  o f  a  w h i te  s p o t  on t h e  enam el s u r f a c e  
i n d i c a t i n g  a s u r f a c e  chang e  i n v o l v i n g  t h e  m in e r a l  f r a c t i o n .  
A n a ly s e s  a r e  b e in g  c a r r i e d  o u t  a t  p r e s e n t  t o  d e te rm in e  
c h a n g e s  i n  m i n e r a l  c o n t e n t  o f  t h i s  a r e a  u s i n g  t h e  t e c h n iq u e s  
p r e v i o u s l y  d e s c r i b e d .
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P A P E H  14
PHYSIOAIi METHODS IN DENTISTEY
G. S .  N ixon
P h y s .  Med. B i o l .
V o l .  1 3 ,  No. 2 ,  1 4 5 -1 5 7 ,  1968.
PHYSICAL rfSTHODS I I '  DHITI3T1X
1 . I n t r o d u c t i o n
D e n t i s t r y  l i k e  o t h e r  b i o l o g i c a l  s c ie n c e s  h a s  become 
i n c r e a s i n g l y  d e p e n d e n t  on t h e  employm ent o f  p h y s i c a l  
m e thod s  b o t h  i n  r e s e a r c h  and  i n  t h e  c l i n i c a l  a p p l i c a t i o n  
o f  new i d e a s  and  d e v e lo p m e n ts .  C u r r e n t  d e n t a l  r e s e a r c h  
program m es a r e  now r e q u i r i n g  g r e a t e r  i n t e r - d i s c i p l i n a r y  
c o - o p e r a t i o n  b e tw e e n  t h e  d e n t a l  r e s e a r c h  w o rk e r  and th e  
s p e c i a l i s t  i n  o t h e r  f i e l d s .
The e n v iro n m e n t  o f  t h e  t o o t h  i n  t h e  m outh i s  an 
u n u s u a l  one o f  h a r d  t i s s u e s  s u r ro u n d e d  by  a  f l u i d  medium 
o f  h e te r o g e n e o u s  c o m p o s i t i o n .  T h is  f l u i d  i s  composed o f  
t h e  s e c r e t i o n s  o f  t h e  m a jo r  and m in o r  s a l i v a r y  g la n d s  
t o g e t h e r  w i t h  t h e  t h e  s e c r e t i o n  o f  t h e  f l u i d  from  th e  s o f t  
t i s s u e s  w h ic h  s u r r o u n d  t h e  t e e t h .  The crown o f  t h e  t o o t h  
i s  c o v e r e d  w i t h  enam el w hich  i s  a lm o s t  t o t a l l y  i n o r g a n i c  
i n  c o m p o s i t i o n  b u t  w h ic h  i s  p e rm e a b le  t o  f l u i d s  p a s s i n g  
fro m  t h e  p u l p a l  c i r c u l a t i o n  t o  t h e  o r a l  f l u i d s  and  v i c e  
v e r s a .  The s p e c i f i c  r e l a t i o n s h i p  b e tw e e n  t h e  f l u i d  e n v i r ­
onm ent w h ic h  s u r r o u n d s  t h e  t o o t h  and t h e  h a r d  t i s s u e s  h a s  
n o t  b e e n  c l e a r l y  e s t a b l i s h e d .
2 .  D e n ta l  c a r i e s
D e n ta l  c a r i e s ,  w h ich  r e m a in s  a  m a jo r  d i s e a s e  o f  
c i v i l i z e d  c o m m u n i t ie s ,  h a s  b e e n  t h e  s u b j e c t  o f  many 
i n v e s t i g a t i o n s  f ro m  t h e  e a r l y  d a y s  o f  d e n t i s t r y .  The 
a e t i o l o g y  and  mode o f  a c t i o n  o f  t h e  c a r i o u s  p r o c e s s  on t h e  
h a r d  d e n t a l  t i s s u e s ,  enam el d e n t in e  and  cementum, have  b e en
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w id e ly  s t u d i e d .  An e x t e n s i v e  s u rv e y  o f  t h e  l i t e r a t u r e  on 
d e n t a l  c a r i e s  h a s  b e e n  c a r r i e d  o u t  and p u b l i s h e d  by B r i s l i n  
and Cox ( 1 9 6 4 ) .  I n v e s t i g a t i o n s  have c o v e re d  a wide f i e l d  
o f  s c i e n t i f i c  d i s c i p l i n e s  e a c h  o f  w h ich  h a s  c o n t r i b u t e d  
much s p e c i a l i z e d  know ledge t o  t h i s  b a s i c  p ro b le m . F a c to r s  
s u c h  a s  a g e ,  c o m p o s i t i o n ,  d i e t ,  s a l i v a  and  h e r e d i t y  have  
b e e n  s t u d i e d  i n  g r e a t  d e t a i l .
The c o m p o s i t i o n  o f  a t o o t h  may be a  more im p o r ta n t  
f a c t o r  t h a n  h a s  h i t h e r t o  b e e n  b e l i e v e d .  An a p p ro a c h  t o  
t h e  p ro b le m  i s  t o  d e te r m in e  v a r i a t i o n s  w h ich  may e x i s t  
b e tw e e n  t e e t h  w h ich  r e s i s t  c a r i e s  and t h o s e  t e e t h  w h ich  
a r e  a t t a c k e d  r e a d i l y .  D i f f i c u l t i e s  a r i s e ,  ho w ever, i n  
d e c i d i n g  w h ich  t e e t h  a r e  c a r i e s  p ro n e  and w hich  a re  c a r i e s  
r e s i s t a n t .  C a r i e s  r e s i s t a n c e  i s  a  r e l a t i v e  c o n d i t i o n .
T e e th  may b e  f r e e  from  c a r i e s  n o t  b e c a u se  t h e y  a r e  p a r ­
t i c u l a r l y  r e s i s t a n t  b u t  b e c a u s e  t h e y  may have b e en  s p a r e d  
t h e  a t t a c k  by  c a r i e s .  They may a l s o  become c a r i o u s  u n d e r  
d i f f e r e n t  e n v i r o n m e n ta l  c o n d i t i o n s .  Some t o o t h  s t r u c t u r e s  
may be  more r e s i s t a n t  t h a n  o t h e r s  and t h e  r e s i s t a n c e  o f  some 
com ponen ts  may be a l t e r e d  by  t h e  c h e m ic a l  e n v iro n m e n t  o f  
a c a r i o u s  l e s i o n .
2 .1  S t u d i e s  i n  t o o t h  c o m p o s i t io n
E a r l i e r  s t u d i e s  o f  t h e  c o m p o s i t io n  o f  t e e t h  have 
i n d i c a t e d  t h a t  d i f f e r e n c e s  o f  c o m p o s i t io n  o f  t e e t h  do o c c u r  
b e tw e e n  t h e  o u te rm o s t  s u r f a c e  l a y e r s  o f  enam el and t h e  
d e e p e r  l a y e r s .  The im p o r ta n c e  o f  t h e  o u te rm o s t  enam el l a y e r  
l i e s  i n  t h e  f a c t  t h a t  t h i s  i s  t h e  f i r s t  s i t e  o f  a t t a c k  by  
c a r i e s .
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I t  h a s  b e e n  c o n s i d e r e d  f o r  many y e a r s  t h a t  d i f f e r e n c e s  
b e tw een  t h e  t r a c e - e l e m e n t  l e v e l s  i n  sound and c a r i o u s  t e e t h  
may show t h e  v a lu e  o f  c e r t a i n  e le m e n ts  i n  fo rm in g  c a r i e s -  
r e s i s t a n t  t e e t h .  T here  h a s  been  l i t t l e  s c i e n t i f i c  
e v id e n c e  t o  s u p p o r t  t h i s  b e l i e f  and t h e r e  i s  s t i l l  no 
c e r t a i n t y  a b o u t  t h e  m echanism  o f  t h e i r  a c t i o n .  The e le m e n t  
w h ich  h a s  b e e n  shown t o  have  t h e  g r e a t e s t  s i g n i f i c a n t  
e f f e c t  on c a r i e s  p r e v e n t i o n  i s  f l u o r i n e .  W ater f l u o r i d a ­
t i o n  s t u d i e s ,  a n im a l  s t u d i e s  and  n u t r i t i o n a l  s t u d i e s  have 
shown t h a t  t h e r e  i s  a  p o s i t i v e  c o r r e l a t i o n  b e tw ee n  f l u o r i n e  
i n t a k e  t o o t h  f l u o r i d e  and  c a r i e s  r e s i s t i v i t y .  O th e r  
t r a c e  e le m e n t s  s u c h  a s  molybdenum and vanad ium  have a l s o  
b e e n  c o n s i d e r e d  a s  i n c r e a s i n g  t h e  c a r i e s  r e s i s t a n c e  w h i le  
t h e  p r e s e n c e  o f  s e le n iu m  shows an i n c r e a s e d  c a r i e s  p r o n e n e s s .
When t h e  l e v e l  o f  th e  t r a c e  e le m e n t  i s  l e s s  t h a n  100 
ppm t h e  amount p r e s e n t  i n  enam el o r  d e n t i n e  i s  o f t e n  be low  
th e  l i m i t  o f  s e n s i t i v i t y  o f  many t e c h n i q u e s  su c h  a s  m ic ro ­
a n a l y s i s  o r  c o l o r i m e t r y ;  c o n s e q u e n t ly ,  p o o le d  sam p les  o f  
enam el and d e n t i n e  have b e e n  u se d  so t h a t  a  s i g n i f i c a n t  
a n a l y s i s  c o u ld  be made. The u se  o f  p o o le d  s a m p le s ,  how ever, 
p ro d u c e s  o n ly  a v e ra g e  f i g u r e s  f o r  a  p a r t i c u l a r  ty p e  o f  t o o t h  
s e c t i o n .  I n d i v i d u a l  v a r i a t i o n s  o r  v a r i a t i o n s  w i t h i n  a  
p a r t i c u l a r  p a r t  o f  t h e  t o o t h  a r e  n o t  d e t e c t a b l e  by t h e s e  
m e th o d s .
N e u t ro n  a c t i v a t i o n  a n a l y s i s  h a s  b e e n  em ployed by  
N ix o n , L i v i n g s t o n  and S m ith  (1 9 6 7 )  d e te rm in e  t h e  co n ce n ­
t r a t i o n  o f  t r a c e  e le m e n ts  i n  human d e n t a l  enam el (T a b le  1 ) .  
A c t i v a t i o n  a n a l y s i s  h a s  t h e  a d v a n ta g e  i n  t h a t  th e  i n c r e a s e  
i n  s e n s i t i v i t y  i t  o f f e r s  f o r  many e le m e n ts  a l lo w s  th e
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a n a l y s i s  o f  s m a l l  enam el sa m p le s  from  a  s i n g l e  t o o t h .
Where t h e r e  i s  t h e  c o m b in a t io n  o f  s u i t a b l e  i s o t o p e  c h a r ­
a c t e r i s t i c s  and an  enam el abundance  o f  an e le m e n t  i t  i s  
p o s s i b l e  t o  make a c c u r a t e  d e t e r m i n a t i o n s  on sam ples o f t e n  
as s m a l l  a s  1 mg.
T h e re  i s  an a d d i t i o n a l  a d v a n ta g e  i n  a c t i v a t i o n  
a n a l y s i s  i n  t h a t  t h e  i d e n t i t y  o f  an e le m e n t  can  be con­
f i r m e d  by  d e c a y  o r  y  - s p e c t r a  s t u d i e s .  These p r o v id e  a 
c h e c k  a g a i n s t  t h e  i n t e r f e r e n c e  by  a n o th e r  e le m e n t  i n  t h e  
m e a su re m e n t .  I n  many c a s e s  m i c r o - s e p a r a t i o n s  can  be  
a v o id e d  and i n s t r u m e n t a l  m ethods may be em ployed .
One o f  t h e  d i f f i c u l t i e s  i n  a c t i v a t i o n  a n a l y s i s  i s  
t h a t  o f  sam p le  c o n t a m i n a t i o n .  The e x t r a c t i o n  o f  t e e t h  f o r  
s a m p lin g  h a s  t o  be  c a r r i e d  o u t  w i th  f o r c e p s ,  t h e  b e a k s  o f  
w h ich  a r e  p r o t e c t e d  by  p o l y th e n e  t u b i n g ,  o r  t h e  t e e t h  have 
t o  be  rem oved  s u r g i c a l l y  t o  a v o id  c o n ta m in a t io n  o f  t h e  
enam el o f  t h e  t o o t h  crown w i t h  a m e ta l  i n s t r u m e n t .
E le m e n ts  su c h  a s  z in c  and m anganese a r e  p r e s e n t  i n
t o o t h  enam el i n  c o n c e n t r a t i o n s  w h ich  p e r m i t  s m a l l  enam el
sa m p le s  t o  be u s e d  b u t  w i t h  o t h e r s  su c h  a s  molybdenum and
v a n ad iu m , t h e  t o t a l  enam el sam ple  from  one t o o t h ,  up t o
500 mg. was r e q u i r e d .  Most s t u d i e s  on a c t i v a t i o n  a n a l y s i s
12 2have b e e n  c a r r i e d  o u t  u s i n g  a n e u t r o n  f l u x  o f  10 n /cm  / s e c .
The c o n c e n t r a t i o n s  o f  many o f  t h e  i n o r g a n i c  e le m e n ts  
o f  human enam el have  b e e n  s t u d i e d  by  Sorem ark  and Sam sahl 
( 1 9 6 1 ) .  The enam el sa m p le s  w ere  i r r a d i a t e d  f o r  a b o u t  20 
h o u r s  i n  a  n e u t r o n  f l u x  o f  2 x  1 0 ^  n /cm  / s e c .  Gamma-ray 
s p e c t r o m e t r i c  a n a l y s i s  was c a r r i e d  o u t  a f t e r  c h e m ic a l  group
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s e p a r a t i o n .
C h a rg ed  p a r t i c l e  a n a l y s i s  h a s  b een  a p p l i e d  t o  th e  
d e t e r m i n a t i o n  and  d i s t r i b u t i o n  o f  c a r b o n ,  c a lc iu m  and 
p h o s p h o ru s  by  F r e m l in  and S tu b b in s  ( 196? ) .  These a re  t h r e e
o f  t h e  p r i n c i p a l  e le m e n ts  o f  t o o t h  en am el.  Use h as  b e en
made o f  d i f f e r e n t  a c t i v a t i n g  p a r t i c l e s  t o  p ro d u ce  i s o t o p e s  
o f  d i f f e r e n t  h a l f - l i v e s  t o  e n a b le  in d e p e n d e n t  s tu d y  o f  t h e  
t h r e e  e l e m e n t s  ( T a b le  2 ) .
A f t e r  i r r a d i a t i o n  an a u t o r a d i o g r a p h i c  t e c h n iq u e  was 
u se d  t o  e s t i m a t e  t h e  a c t i v i t y  p r o d u c e d .  I t  was fo u n d  by
t h i s  m ethod  t h a t  t h e  t o t a l  c a rb o n  c o n t e n t  o f  human t o o t h
enam el i s  h i g h e r  a t  t h e  in n e r m o s t  s u r f a c e  by a f a c t o r  o f  1 . 5 ?
from  t h a t  o f  t h e  o u t e r  e d g e .
E l e c t r o n  p ro b e  a n a l y s e s  f o r  p h o sp h o ru s  and c a lc iu m  
d i s t r i b u t i o n  i n  t o o t h  enam el have  b e en  c a r r i e d  o u t  by F ra n k ,  
C a p i t a n t  and Goni (1 9 6 6 ) .  I n  t h i s  s t u d y  h i g h l y  p o l i s h e d  
g ro u n d  s e c t i o n s  o f  t e e t h  w ere u se d  f o r  q u a l i t a t i v e  and 
q u a n t i t a t i v e  e l e c t r o n  p ro b e  m i c r o a n a l y s i s .  I n  m a tu re  norm al 
and c a r i o u s  human enam el c a l c iu m ,  p h o s p h o ru s  and c h l o r i n e  
c o u ld  be d e t e c t e d  on X - ra y  p ro b e  s p e c t r a l  r e c o r d i n g s .  The 
c o m p a r is o n  o f  c a r i e s - r e s i s t a n t  and  c a r i e s - s u s c e p t i b l e  enam el 
showed t h a t  th e  s u p e r f i c i a l  enam el l a y e r  d o es  n o t  c o n t a i n  
more c a l c iu m  and p h o s p h o ru s  and t h a t  t h e r e  i s  no s i g n i f i c a n t  
s t a t i s t i c a l  d i f f e r e n c e  i n  th e  d i s t r i b u t i o n  o f  t h e s e  two 
e le m e n ts  i n  t h e  two g r o u p s .  E l e c t r o n  p ro b e  s t u d i e s  o f  
enam el c a r i e s ,  b e f o r e  any c a v i t y  f o r m a t io n ,  c o n f i rm  t h e  l o s s  
o f  c a l c iu m  and p h o s p h o ru s  i n  t h e  s u b - s u r f a c e  w h e reas  t h e  
s u p e r f i c i a l  c a r i e s  l a y e r  h a s  a  n o rm al c h l o r i n e ,  c a lc iu m  and 
p h o sp h o ru s  c o n t e n t .
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H ardw ick  and I l a r t i n  (1967) have u se d  mass s p e c t r o m e t r i c  
m ethods f o r  t h e  e s t i m a t i o n  o f  t h e  t r a c e  e le m e n t  c o n te n t  i n  
d e n t a l  t i s s u e s .  The p i l o t  s tu d y  showed t h a t  th e  method 
was f e a s i b l e  f o r  t h e  i d e n t i f i c a t i o n  o f  many e le m e n t s ,  b u t  
a t  t h e  e a r l y  s t a g e  was n o t  t r u l y  q u a n t i t a t i v e .  By th e  
s t a n d a r d i z a t i o n  a g a i n s t  p r e p a r e d  m a t r i c e s  o f  known com posi­
t i o n  and by  t h e  u se  o f  a  m ic r o - d e n s i t o m e t e r  f o r  com paring  
l i n e  im a g es  on a  p h o t o g r a p h i c  p l a t e ,  t h e  m ethod c o u ld  be 
q u a n t i t a t i v e  f o r  many e le m e n t s .
2 . 2  W ater c o n t e n t  o f  enam el
S t u d i e s  o f  t h e  w a te r  c o n t e n t  o f  enam el have b e e n  
c a r r i e d  o u t  by  Myers (1 9 6 5 )  by means o f  L in e  N u c le a r  
R esonance  S p e c t r o m e t r y .  He h a s  shown t h a t  a p r o t o n  
r e s o n a n c e  s i g n a l  w i t h  a l i n e  w id th  o f  th e  o r d e r  o f  t e n t h s  
o f  a g a u s s  c o u ld  b e  o b t a i n e d  from  pow dered  and h y d r a t e d  
e n am e l.  An u n u s u a l  f e a t u r e  o f  t h e  s i g n a l  was i t s  a b i l i t y  
t o  r e s i s t  d e h y d r a t i n g  t e m p e r a t u r e s  o f  200°G f o r  one week.
T h is  p r o p e r t y  i s  n o t  s h a r e d  by  o t h e r  c a l c i f i e d  t i s s u e s .
I t  was i n f e r r e d  b y  Myers t h a t  t h e  p r o t o n s  were p a r t  o f  
t r a p p e d  w a te r  p r e s e n t  i n  u l t r a - s t r u c t u r a l  f e a t u r e s  fo und  
o n ly  i n  e n a m e l .  A f u r t h e r  s t u d y  by  Myers and M yrberg 
( 1965) i n d i c a t e d  t h a t  t h e  w a te r  p r e s e n t  i n  u n h e a te d  enam el 
b e h av e d  i n  an  u n u s u a l  m anner w i th  r e g a r d  t o  f r e e z i n g .
A gain  a  p r o p e r t y  n o t  fo u n d  i n  u n h e a te d  d e n t i n e ,  a s h e d  
enam el o r  i n  m in e r a l  a p a t i t e .  The a u th o r s  s t a t e  t h a t  
a s h in g  p r o c e d u r e s  d e s t r o y  t h i s  p r o p e r t y  by  i t s  e f f e c t  on 
t h e  p r o t e i n  o r  by  i t s  e f f e c t  on t h e  u l t r a - s t r u c t u r a l  
o r g a n i z a t i o n  o f  t h e  t i s s u e .  The d e p r e s s e d  f r e e z i n g  p a r t
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o f  t h e  w a te r  i.s c o n s i s t e n t  w i t h  i t s  b e in g  i n  mean c a p i l l a r y
O
sp a c e s  o f  15 A r a d i u s .
2 . 5  P u b l i c  h e a l t h  d e n t i s t r y
A c t i v a t i o n  a n a l y s i s  h a s  a l s o  b e e n  u se d  t o  exam ine 
th e  p o s s i b l e  h e a l t h  h a z a r d  o f  m erc u ry  p o i s o n i n g  i n  t h e  
d e n t a l  s u r g e r y .  M ercu ry  i s  u se d  e x t e n s i v e l y  i n  t h e  p r e p a r a ­
t i o n  o f  s i l v e r  amalgam f i l l i n g s .  An e x a m in a t io n  o f  d e n t a l  
s u r g e r y  a s s i s t a n t s  by  N ixon  and S m ith  (1 9 6 5 )  showed a  s i g ­
n i f i c a n t  i n c r e a s e  i n  t h e  m e rc u ry  c o n t e n t  o f  h a i r  and n a i l s
T a b le  2
A c t i v a t i o n  and  d e t e c t i o n  o f  c a l c iu m ,  p h o s p h o ru s  
and  c a r b o n  i n  human d e n t a l  enam el (E re m lin  and
S t u b b i n s ,  1967)
E le m e n t  u n d e r  i n v e s t i g a ­
t i o n
B om bard ing  p a r t i c l e  
E n e rg y  o f  p a r t i c l e
p
Beam c u r r e n t  on 30 cm
I r r a d i a t i o n  t im e
Time b e tw e e n  end  o f  i r r a d ­
i a t i o n  a n d  s t a r t  o f  e x p o s u re
E x p o su re  t im e
c P Ca
2d 2D 1H
2 .2  MeV 2 . 2  MeV 10 Me-Y
1 pA 2 pA 0.1
20 m in . 40 m in . 50 m in .
4  m in . 3 d 4  h
40 m in . 8 d 20 h
when com pared  w i t h  a  c o n t r o l  g ro u p .  I n  t h e  c o n t r o l  g roup  
a mean v a l u e  o f  5 .1 0  ppm was o b t a i n e d  f o r  t h e  n a i l  and  h a i r  
s a m p le s .  I n  t h e  s u r g e r y  a s s i s t a n t s  g ro u p  t h e  mean v a lu e  
f o r  t o e  n a i l  s a m p le s  was 9*3 PP11 m e rc u ry ,  w h i l e  t h a t  o f  
f i n g e r  n a i l s  was 6 8 .7 6  ppm. They a l s o  r e p o r t e d  a  c a s e  o f
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c h ro n ic  m e rc u ry  p o i s o n i n g  i n  a  d e n t a l  s u rg e o n  w i t h  a  
m ercu ry  c o n t e n t  o f  538 ppm f o r  t h e  f i n g e r  n a i l s  and 171 ppm 
f o r  t h e  h e a d  h a i r ,  w h i le  t h e  f i n d i n g s  i n  t h e  d e n t a l  s u r g e r y  
a s s i s t a n t  w ere  285 ppm f o r  t h e  f i n g e r  n a i l s  and 50.8  ppm 
f o r  t h e  h e a d  h a i r .  Upon f u r t h e r  i n v e s t i g a t i o n  i t  was 
fo u n d  t h a t  amalgam f i l l i n g s  w ere  p r e p a r e d  by  b o t h  d e n t i s t  
and a s s i s t a n t  and  t h a t  e x c e s s  m erc u ry  was a l lo w e d  t o  e sc a p e  
on t o  t h e  f l o o r  i n  c l o s e  p r o x i m i t y  t o  an e l e c t r i c  c o n v e c to r  
h e a t e r .  Rem oval o f  t h e  f l o o r  c o v e r i n g  d i s c l o s e d  a p p r o x i ­
m a te ly  3 ml o f  m e rc u ry  on t h e  f l o o r b o a r d s .
3 . L a s e r  r a d i a t i o n
The u s e  o f  t h e  l a s e r  beam h a s  opened  many p o t e n t i a l  
f i e l d s  o f  i n v e s t i g a t i o n  i n  d e n t i s t r y .  P r e l i m i n a r y  s t u d i e s  
w i t h  l a s e r  beam s d e m o n s t r a t e d  d e f i n i t e  e f f e c t s  on c a r i o u s  
l e s i o n s  o f  t h e  t o o t h  and a l s o  on d e n t a l  c a l c u l u s .
S ognn aes  and S t e r n  (1 9 6 5 )  u s i n g  e x i t  e n e r g i e s  o f  5 j o u l e s  t o  
20 j o u l e s  r e p o r t e d  a  g l a s s - l i k e  f u s i o n  o f  t h e  enam el and a 
c r a t e r i n g  o f  t h e  d e n t i n e .  They a l s o  showed t h a t  t h i s  
g l a z e d  s u p e r f i c i a l  enam el s u r f a c e  i s  more r e s i s t a n t  t o  
' i n  v i t r o 1 d e m i n e r a l i z a t i o n  t h a n  t h e  a d j a c e n t  u n l a s e d  
enam el s u r f a c e s .
I n  an  i n v e s t i g a t i o n  P e c k  and P eck  (1967 )  d e m o n s t r a te d  
t h a t  d e s t r u c t i o n  o f  t i s s u e  by  t h e  l a s e r  beam was d e p e n d e n t  
t o  a  c e r t a i n  e x t e n t  on t h e  o p a c i t y  and  c o l o u r  o f  th e  
m a t e r i a l . .  I t  was e x p e c te d  t h a t  t h e  l a s e r  e f f e c t s  on t o o t h  
s t r u c t u r e  w ou ld  h av e  r e f l e c t e d  t h e  d i f f e r e n c e s  w h ich  a r e  
p r e s e n t  i n  t h e  o p t i c a l  p r o p e r t i e s  o f  enam el and d e n t i n e .
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Souder a n d  P a f f e n b a i g e r  (1 9 4 2 )  have  g iv e n  t h e  o p a c i t y  o f  
enam el a s  r a n g i n g  fro m  21 t o  67% w h i le  t h e  o p a c i t y  o f  e q u a l  
t h i c k n e s s  o f  d e n t i n e  w ere w i t h i n  t h e  r a n g e  o f  50 t o  91%. 
C o n t r a ry  t o  e x p e c t a t i o n  P e c k ' s  s tu d y  showed t h a t  d e s t r u c ­
t i o n  and  p e n e t r a t i o n  w ere g r e a t e r  i n  enam el t h a n  i n  d e n t i n e .  
Enamel e x h i b i t i n g  g r o s s  c r a t e r i n g  from  0 .1  mm t o  1 .1  mm deep 
d e p e n d in g  on t h e  amount o f  e n e rg y  d e l i v e r e d  t o  t h e  t a r g e t  
a r e a  w h i l e  l a s e r  im p a c t s  on d e n t i n e  showed i r r e g u l a r  c r a t e r s  
l e s s  t h a n  0.1  mm d e e p .  I t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  
s t r u c t u r a l  and  b i o c h e m i c a l  d i f f e r e n c e s  b e tw ee n  enam el and 
d e n t i n e  may a c c o u n t  f o r  th e  d i f f e r e n c e s .
The l a s e r  beam h a s  b e e n  em ployed by  Goldman (196 7 )  
t o  p r e p a r e  c a v i t i e s  on s i n g l e  s u r f a c e s  o f  n o rm al t e e t h  
' i n  v i t r o ' .  I n i t i a l  im p a c t s  were made w i t h  a  t o t a l l y  
i n t e r n a l  r e f l e c t i n g  ru b y  r o d  and  a b a ck  s u r f a c e  m i r r o r e d  
r o d .  P u l s e  l e n g t h s  o f  0 . 5  and  0 .7  m i l l i s e c o n d  d u r a t i o n  
w i t h  0 . 4  and 0 . 6  m i l l i s e c o n d  pum ping w ere em ployed . The 
u se  o f  a  r e t r o m i r r o r  b e h in d  and s e p a r a t e  from  th e  b a c k  
f a c e  o f  t h e  r o d  i n c r e a s e d  t h e  o s c i l l a t o r  d im e n s io n ,  d e c r e a s e d  
t h e  beam d i v e r g e n c e  and c a u s e d  a more u n i fo rm  p a t t e r n .
U s in g  t h i s  t e c h n i q u e  a s p o t  s i z e  o f  l e s s  t h a n  0 . 5  21m was 
o b t a i n e d  a c c o r d i n g  t o  t h e  m easu rem en t o f  t h e  d i a m e te r  o f  th e  
h o le  c u t  i n  t h e  t o o t h  s t r u c t u r e .  The enam el and  d e n t i n e  
o f  t h e  t o o t h  s t r u c t u r e  w ere rem oved by  a b r u p t  v a p o r i z a t i o n .  
I n i t i a l l y  im p a c t  e n e r g i e s  o f  50 j o u l e s  e x i t  e n e rg y  p e r  
im p a c t  w ere  u s e d  b u t  w i th  r e f i n e m e n t  o f  f o c u s  i t  was 
p o s s i b l e  t o  r e d u c e  t h e  e x i t  e n e rg y  l e v e l s  t o  20 j o u l e s  p e r  
im p a c t .  T h is  s t u d y  showed t h e  p o s s i b i l i t y  o f  em p loy ing  
l a s e r  e n e rg y  a s  a  c a v i t y  p r e p a r a t i o n  i n s t r u m e n t .  I t  a l s o
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d e m o n s t r a te d  t h a t  c o n s i d e r a b l e  t e c h n i c a l  r e f i n e m e n t  o f  
i n s t r u m e n t a t i o n  w ould be n e c e s s a r y  b e f o r e  t h i s  m ethod o f  
c a v i t y  p r e p a r a t i o n  w ould  be s u i t a b l e  f o r  p r a c t i c a l  c l i n i c a l  
u s e .
The e f f e c t s  o f  t h e  l a s e r  beam have  b e e n  a s s o c i a t e d  
w i th  i n c r e a s e d  e l e v a t i o n  o f  th e  t e m p e r a tu r e  o f  t h e  t o o t h .
I t  i s  n o t  known a l s o  w hat t h e  e f f e c t s  o f  t h e  e n e rg y  im p a c t  
a re  on t h e  human d e n t a l  p u l p .
The e f f e c t s  o f  l a s e r  beams on t h e  d e n t a l  p u lp  and o r a l  
m ucosa w ere  s t u d i e d  by  T a y l o r ,  S h k la r  and R oeber (1 9 6 5 ) .
They d e m o n s t r a t e d  on S y r i a n  h a m s te r s  t h a t  t i s s u e  c h an g e s  
r e s u l t i n g  f ro m  r a d i a t i o n  w ere s e v e r e .  When a  53 j o u l e  
beam was em ploy ed  th e  p u lp  o f  t h e  i n c i s o r  t o o t h  was d e s ­
t r o y e d .  T h is  beam a l s o  p ro d u c e d  s e v e r e  c h an g e s  i n  t h e  
mucous m em brane. When a l e s s e r  beam o f  33 j o u l e s  was 
em ployed p u l p a l  c h a n g e s  w ere  s t i l l  s e v e r e .  T here  was a l s o  
e v id e n c e  o f  p u l p a l  d e g e n e r a t i o n  a t  a  c o n s i d e r a b l e  d i s t a n c e  
from  t h e  p o i n t  o f  r a d i a t i o n .  H e a l in g  o f  b o th  p u l p a l  and 
m u co sa l  t i s s u e  p r o g r e s s e d  s l o w l y .  The c h an g e s  w h ich  t a k e  
p l a c e  i n  t h e  m ucosa  and  p u lp  a p p e a r  t o  be  c o n s i s t e n t  w i th  
t r a u m a  r e s u l t i n g  fro m  e x c e s s i v e  h e a t .  The a u th o r s  s t r e s s  
t h a t  t h e  u s e  o f  l a s e r  r a d i a t i o n  i n  d e n t i s t r y  p r e s e n t s  many 
p ro b le m s  c o n c e r n i n g  t h e  p r o t e c t i o n  o f  t h e  s u r r o u n d in g  t i s s u e s .
One o f  t h e  i n t e r e s t i n g  a p p l i c a t i o n s  o f  t h e  l a s e r  beam 
i n  d e n t i s t r y  i s  t h e  d i r e c t  f u s i o n  o f  d e n t a l  f i l l i n g  m a te r ­
i a l s  s u c h  a s  p o r c e l a i n  i n  t h e  c a v i t y .  By t h i s  m eans, good 
a d a p t a t i o n  o f  t h e  f i l l i n g  m a t e r i a l  t o  t h e  w a l l s  o f  th e  
c a v i t y  c o u ld  be  a c h i e v e d .  T h ere  i s  a l s o  a  p o t e n t i a l  
a p p l i c a t i o n  i n  t h e  f i e l d  o f  d e n t a l  p r o p h y l a x i s  by  rem o v in g
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s t a i n s  and. d e n t a l  p l a q u e  from  t h e  t o o t h  s u r f a c e  • Any p i g ­
m ented a r e a s  on t h e  t o o t h  s u r f a c e  w i l l  enhance  t h e  s u p e r ­
f i c i a l  a b s o r p t i o n  o f  l a s e r  l i g h t .
4 .  M a rg in a l  s e a l  o f  f i l l i n g  m a t e r i a l s
I t  h a s  b e e n  assum ed  f o r  many y e a r s  t h a t  a  s a t i s f a c t o r y  
r e s t o r a t i o n  o f  t o o t h  p o s s e s s e s  a  h e r m e t i c  s e a l  b e tw e e n  th e  
t o o t h  and t h e  f i l l i n g .  T h is  would a p p e a r  t o  be a  fu n d a ­
m e n ta l  r e q u i r e m e n t  c o n s i d e r i n g  t h e  m o i s t ,  c o n ta m in a te d  
e n v iro n m e n t  o f  a l l  d e n t a l  r e s t o r a t i o n s .  The d e g re e  o f  
m a rg in a l  s e a l  a c h i e v e d  i s  g e n e r a l l y  a s s e s s e d  c l i n i c a l l y  on 
an e m p i r i c a l  b a s i s  w here  t h e  h i s t o r y  o f  t h e  r e s t o r a t i o n  i s  
known. I n  t h e  l a b o r a t o r y  a  v a r i e t y  o f  t e c h n i q u e s  have been  
em ployed upon  e x t r a c t e d  t e e t h ,  b u t  some work h a s  b e e n  done 
on m e ta l  m o d e ls  o f  s u i t a b l e  c a v i t y  s h a p e s .  R a d io a c t i v e  
t r a c e r s  h a v e  b e e n  em ployed  t o  d e te rm in e  t h e  d e g re e  t o  w hich  
th e  m a rg in s  o f  r e s t o r a t i o n s  may be p e n e t r a t e d .  G oing ,
M a s s le r  an d  D ute ( i 960 ) em ployed  a  number o f  r a d i o i s o t o p e s  
t o  d e te r m in e  w h e th e r  i o n i c  ch an ge  and c h e m ic a l  r e a c t i v i t y  
w ould i n f l u e n c e  t h e  d e g re e  o f  p e n e t r a t i o n .  A l l  f i l l i n g s  
showed m a r g i n a l  l e a k a g e  t o  r a d i o i s o t o p e s  w i t h  p e n e t r a t i o n  
i n t o  d e n t i n e  and e v en  i n t o  t h e  p u l p .  I n  a  l a t e r  s t u d y ,  a g a in  
u s in g  r a d i o i s o t o p e s ,  Going and  M a s s le r  (1961 )  d e m o n s t r a te d  
t h a t  c e r t a i n  p r o t e c t i v e  c a v i t y  l i n i n g  m a t e r i a l s  c o u ld  r e d u c e  
th e  p e n e t r a t i o n  o f  t h e  i s o t o p e  i n t o  d e n t i n e  and p u l p .  
B ra n n s tro m  an d  S o rem ark  ( 1962) showed t h a t  a  v a r n i s h  p l a c e d  
o ve r  t h e  c a v i t y  s i g n i f i c a n t l y  r e d u c e d  m a r g in a l  l e a k a g e  b u t  
when s u b j e c t  t o  v a r i a t i o n s  i n  t e m p e r a t u r e  t h i s  l e a k a g e  was 
a g a in  i n c r e a s e d .  They c o n c lu d e d  t h a t  any s e a l  w h ich  had
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form ed was b r o k e n  down by  t e m p e r a tu r e  c h a n g e s .  T e e th  w hich  
had  b e e n  r e s t o r e d  w i th  amalgam w ere shown by S t o w e l l ,
T a y lo r  a n d  W ain w rig h t  (1 9 6 2 )  t o  l e a k  l e s s  w i t h  s a l i v a  t h a n  
w i th  n o rm a l  s a l i n e  a t  t h e  end o f  a tw o-w eek p e r io d . .  They 
c o n s i d e r e d  t h a t  t h e  f i r s t  two weeks a f t e r  i n s e r t i o n  were 
c r i t i c a l  and  s u g g e s t e d  t h a t  a  d e p o s i t  from  t h e  s a l i v a  had 
p r e v e n t e d  t h e  p e n e t r a t i o n  o f  r a d i o a c t i v e  i o d in e  em ployed 
as a  t r a c e r ,  and t h a t  t h i s  may o c c u r  w i t h  f i l l i n g s  i n  t h e  
m outh .
A i r  p r e s s u r e  was u s e d  by  P i c k a r d  and  G ay fo rd  (19 65 )  
as  a  means o f  a s s e s s i n g  any  l e a k a g e  w h ich  may e x i s t  b e tw een  
s i l v e r  amalgam f i l l i n g s  and  t h e  t o o t h .  T h is  m ethod a l lo w e d  
a c o n t i n u o u s  and  q u a n t i t a t i v e  a s s e s s m e n t  o f  t h e  l e a k a g e  
a r e a  up t o  a  t e n - w e e k  p e r i o d .  The m ethod em ployed i s  
shown i n  f i g .  1 .  C om pressed  a i r  was f o r c e d  th r o u g h  t h e  
t o o t h  u n t i l  a  p r e s s u r e  o f  900  mm o f  m erc u ry  was r e a c h e d .
The a u t h o r s  p o s t u l a t e d  t h a t  any s i n g l e  l e a k  p a t h  s u b m i t t e d  
t o  a  r i s i n g  a i r  p r e s s u r e  f rom  t h e  b a s e  o f  a r e s t o r a t i o n  
w ould  r e a c h  a  c r i t i c a l  p o i n t  w here t h e  c a p i l l a r y  p r e s s u r e  
o f  w a te r  e n t e r i n g  from  w i t h o u t  e q u a l l e d  t h e  a i r  p r e s s u r e  
from  w i t h i n .  The p r e s s u r e  r e q u i r e d  t o  e s t a b l i s h  t h i s  s t a t e  
o f  e q u i l i b r i u m ,  t h e  ' c r i t i c a l  p r e s s u r e ' ,  would be c o n s t a n t  
f o r  a  l e a k  p a t h  o f  c o n s t a n t  m in im al c r o s s - s e c t i o n a l  a r e a  
i n  w a t e r  and  th .a t  t h i s  p o s t u l a t e  would  h o ld  good f o r  any 
l i q u i d  o r  s o l u t i o n .
Prom a l l  s t u d i e s  e m p lo y in g  d i f f e r e n t  m e th o d s ,  i t  
would a p p e a r  t h a t  p e n e t r a t i o n  b e tw ee n  r e s t o r a t i o n  and  t o o t h  
i s  g r e a t e s t  im m e d ia te ly  a f t e r  t h e  r e s t o r a t i o n  i s  i n s e r t e d  
and d e c r e a s e s  a f t e r  a  few weeks when i t  may a c t u a l l y  c e a s e .
MICROSCOPE
A IR
PRESSURE
1. Specimen of tooth under investigation with section demonstrating needle 
sealed into root- canal through which air pressure was applied.. (From British 
Dental Journal.)
High, s p e e d  c u t t in g ;
5-1 A i r  c o n ta m i n a t i o n
A i r  t u r b i n e  h a n d p ie c e s  which, p ro d u c e  sp e e d s  up t o  
5^ 0,000  r e v o l u t i o n s  p e r  m in u te  a r e  now s t a n d a r d  equ ipm en t 
i n  t h e  d e n t a l  s u r g e r y .  W hile  t h e s e  h a n d p ie c e s  have  
i n c r e a s e d  t h e  c u t t i n g  e f f i c i e n c y  o f  d e n t a l  b u r s ,  t h e y  have 
i n t r o d u c e d  many p r o b le m s .  A s u r v e y  o f  t h e  d e n t a l  p r o ­
f e s s i o n  by  Grundy (1 9 6 6 )  i n  t h e  U n i te d  Kingdom, h a s  s u g g e s te d  
t h a t  t h e  u s e  o f  t h i s  t y p e  o f  h a n d p ie c e  h a s  some e f f e c t  on 
t h e  e y e s  and  r e s p i r a t o r y  t r a c t  o f  t h e  o p e r a t o r .  T h is  may 
be due t o  a i r  c o n ta m i n a t i o n  by  c u t t i n g  d e b r i s  and a l s o  t h e  
o i l  u s e d  t o  l u b r i c a t e  t h e  t u r b i n e  h a n d p ie c e  may be e m i t t e d  
i n  a e r o s o l  fo rm  and  i n h a l e d  by t h e  o p e r a t o r .  Grundy (1 96?)  
d e m o n s t r a te d  by  means o f  an a i r  sa m p lin g  t e c h n iq u e  t h a t  
d u r i n g  c e r t a i n  o p e r a t i v e  p r o c e d u r e s  s m a l l  enam el p a r t i c l e s  
a r e  th ro w n  i n t o  t h e  a r e a  o f  t h e  o p e r a t o r ' s  f a c e .  T h is  i s  
p a r t i c u l a r l y  so  when c u t t i n g  i s  c a r r i e d  o u t  on a d ry  f i e l d .
I t  was e s t i m a t e d  t h a t  up t o  59 m i l l i o n  p a r t i c l e s  were th ro w n  
up i n  a  h a l f - m i n u t e  sam ple  o f  5 l i t r e s  o f  a i r  and up to  
4 mg i n  a  tw o -m in u te  sam ple  o f  24 l i t r e s .  The a i r  from  
th e  h a n d p ie c e  h e l p s  t o  p r o j e c t  t h e  p a r t i c l e s  to w a rd s  th e  
o p e r a t o r .  The i n h a l a t i o n  o f  o i l  was m easu red  by N ixon and 
T i l s t o n  (1 9 6 5 )  u s i n g  o i l  l a b e l l e d  w i th  ^ ^ 1  and an a r t i f i c i a l  
h e ad  and  l u n g .  M e a su ra b le  am ounts o f  o i l ,  0 .0 1 8  ml to  
0.034  ml p e r  h o u r ,  w ere  o b t a i n e d  w h ich  may be i n h a l e d  by 
th e  o p e r a t o r .  The s i z e  o f  t h e  o i l  p a r t i c l e s  from  th e  
h a n d p ie c e  was fo u n d  t o  b e  from  3 -8  M- i n d i a m e t e r .  I t  h a s  
b e e n  recom m ended by  m ost o b s e r v e r s  t h a t  o p e r a t o r s  u s in g  a i r
t u r b i n e  h a n d p ie c e s  s h o u ld  w ear p r o t e c t i v e  f a c e  m asks.
B oth  t h e  am ounts  o f  o i l  and  enam el d e b r i s  i n h a l e d  were 
d e p e n d e n t  on t h e  p o s i t i o n  o f  t h e  t o o t h  b e in g  c u t  and th e  
d i s t a n c e  o f  t h e  o p e r a t o r  from  th e  p a t i e n t .
5 .2  N o ise  l e v e l s
The so u n d  l e v e l s  p r o d u c e d  by  t h e  a i r  t u r b i n e  h a n d p ie c e  
have b e e n  c o n s i d e r e d  a  p o t e n t i a l  h a z a r d  t o  h e a r i n g .
A n a ly s i s  o f  d r i l l  n o i s e  b y  C a n tw e l l ,  T u n tu r i  and S o re n se n  
( 1965) c o n c lu d e d  t h a t  w i t h  an  e x p o su re  o f  12 m in u te s  com­
b in e d  i n  one w o rk in g  p e r i o d ,  s a f e  sound  p r e s s u r e  l e v e l s  
c o u ld  e x t e n d  t o  101 d e c i b e l s  w i t h o u t  c a u s i n g  h e a r i n g  l o s s .  
The o v e r a l l  a v e r a g e s  f o r  h a n d p ie c e s  i n  t h i s  s tu d y  w ere 
6 6 .0  d e c i b e l s  a t  40 p s i ,  67*9 d e c i b e l s  a t  50 p s i ,  and 6 7 .6  
d e c i b e l s  a t  60 p s i .  A f u r t h e r  s tu d y  by  T a y l o r ,  P e a r s o n  
and  M air ( 1965 ) i n  a  g ro up  o f  d e n t i s t s  e x p o sed  t o  t h e  a i r  
t u r b i n e  d r i l l  f o r  an a v e r a g e  p e r i o d  o f  3*7 y e a r s  c o n c lu d e d  
t h a t  a  n o i s e - i n d u c e d  t h r e s h o l d  s h i f t  was s u s t a i n e d .  T h is  
r e p o r t  i n d i c a t e d  t h a t  w i t h  t im e ,  a g r a d u a l  e n c ro ac h m en t 
o f  t h e  u p p e r  f r e q u e n c i e s  may o c c u r .  T h is  h e a r i n g  l o s s  was 
p a r t i c u l a r l y  n o t i c e a b l e  i n  t h e  4 k c / s e c  t o  6 k c / s e c  f r e ­
quency  r e g i o n .  A f i v e - y e a r  s t u d y  by  N ixon and Knox (1966) 
on d e n t a l  s t u d e n t s  and d e n t i s t s  d e m o n s t r a te d  a  more s i g ­
n i f i c a n t  l o s s  i n  t h e  d e n t a l  g roup  t h a n  i n  t h e  c o n t r o l  g roup  
( f i g .  2 ) sind th a . t  g r e a t e r  i n d i v i d u a l  s u s c e p t i b i l i t y  was 
o b s e rv e d  i n  t h e  d e n t a l  g ro u p .  They assum ed t h a t  a  15 
d e c i b e l  h e a r i n g  t h r e s h o l d  s h i f t  was s i g n i f i c a n t  and t h e  
h e a r i n g  l o s s e s  i n  t h e  d e n t a l  g roup  o c c u r r e d  a t  t h e  4  k c / s e c ,  
6 k c / s e c  and  8 k c / s e c  l e v e l .  The d e n t a l  g ro up  a l s o
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d e m o n s t r a t e d  a  g r e a t e r  s u s c e p t i b i l i t y  o f  b e a r i n g  l o s s  i n  
t h e  r i g h t  e a r  t h a n  i n  t h e  l e f t  ( f i g .  3 ) ;  t h i s  e a r  b e i n g  
i n  c l o s e r  p r o x i m i t y  t o  t h e  d r i l l  i n  r i g h t - h a n d e d  d e n t i s t s .  
T h is  r e p o r t  e m p h a s i z e s  t h a t  any h e a r i n g  l o s s  s u s t a i n e d  i n  
a young  p e r s o n  t h r o u g h  d r i l l  n o i s e  w i l l  be added  t o  t h e  
h e a r i n g  l o s s  due t o  a g e .  K e l l e r ,  01k and O p i t z  (1964)  
fo u n d  t h e  g r e a t e s t  h e a r i n g  l o s s  f rom  a i r  t u r b i n e  d r i l l s  i n  
t h e  3 0 -4 0  y e a r s  age g r o u p .  They s t a t e  t h a t  n o t  e v e r y  
d e n t i s t  i s  a f f e c t e d  i n  t h e  same way and recommend r e g u l a r  
a u d i o m e t r i c  e x a m i n a t i o n  t o  p r o t e c t  s u s c e p t i b l e  i n d i v i d u a l s  
f rom f u r t h e r  damage.
6 . R a d i o a c t i v e  i s o t o p e s
R a d i o a c t i v e  i s o t o p e s  have  b e e n  employed i n  d e n t i s t r y ,
as  i n  o t h e r  f i e l d s ,  f o r  a  v a r i e t y  o f  p u r p o s e s .  Most
s t u d i e s  w i t h  r a d i o a c t i v e  i s o t o p e s  i n  d e n t i s t r y  i n v o l v e
a u t o r a d i o g r a p h i c  t e c h n i q u e s  t o g e t h e r  w i t h  m i c r o r a d i o g r a p h y
and h i s t o l o g i c a l  e x a m i n a t i o n  t o  l o c a l i z e  t h e  r a d i o a c t i v e
e l e m e n t s  s p e c i f i c a l l y  w i t h i n  t h e  t i s s u e s .  D e n ta l  s t u d i e s
u s i n g  r a d i o a c t i v e  amino a c i d s  have  b e en  w i d e l y  employed t o
examine c e l l u l a r  p r o t e i n  m e t a b o l i s m ,  t h e  t u r n o v e r  o f
p r o t e i n s  a s s o c i a t e d  w i t h  c e l l u l a r  f u n c t i o n  and t h e  s y n t h e s i s
o f  t h e  o r g a n i c  t i s s u e  m a t r i x .  T r i t i a t e d  g l y c i n e  l e u c i n e
and m e t h i o n i n e  have  b e e n  u s e d  t o  t r a c e  t h e  f o r m a t i o n  o f  t h e
3 14 35d e n t i n a l  m a t r i x .  M e th io n in e  l a b e l l e d  w i t h  T, C and S 
h a s  a l s o  b e e n  u s e d .  A s t u d y  t o  examine t h e  l o c a l i z a t i o n  and 
d i s t r i b u t i o n  o f  t r i t i a t e d  h i s t i d i n e  i n  t h e  d e v e l o p i n g  i n c i s o r  
t o o t h  o f  mice  was c a r r i e d  o u t  by  Hwang, Tonna and C r o n k i t e  
(1 9 6 3 ) .  T h i s  d e m o n s t r a t e d  t h a t  a m e l o b l a s t s ,  t h e  enam el—
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fo rm in g  c e l l s ,  showed a  r a p i d  t u r n o v e r  o f  h i s t i d i n e .  The 
enamel m a t r i x  was r a p i d l y  and i n t e n s i v e l y  l a b e l l e d  a f t e r  one 
h o u r .  The d e n t i n e - f o r m i n g  c e l l s  d i d  n o t  show t h e  same 
d e g re e  o f  u p t a k e ,  d e m o n s t r a t i n g  t h e  i m p o r t a n c e  o f  h i s t i d i n e  
as  a. com ponen t  o f  t h e  enam el  m a t r i x .
The p r e s e n c e  and d i s t r i b u t i o n  o f  r a d i o a c t i v e  i s o t o p e s  
i n  t h e  h a r d  t i s s u e s  o f  t h e  t e e t h  and jaws h a s  b e en  s t u d i e d  
i n  b o t h  human and  a n im a l  s u b j e c t s .  Has lam , J e e ,  Dockum 
and S e a r s  (1 9 6 4 )  h a s  r e c o r d e d  t h e  l o c a l i z a t i o n  o f  ^ ^ R a  
i n  t h e  t e e t h  an d  jaw s  o f  B e a g l e s ,  and r e p o r t e d  t h e  c o n ce n ­
t r a t i o n  i n  m i c r o c u r i e s  p e r  gramme o f  t i s s u e .  Rowland 
( 1963) r e p o r t e d  on t h e  d i s t r i b u t i o n  and c l i n i c a l  e f f e c t s  
on human p a t i e n t s  s u f f e r i n g  f rom  r a d iu m  p o i s o n i n g .  E q u a l  
amounts  o f  r e s i d u a l  r a d i o a c t i v i t y  were  fo u n d  i n  t h e  t e e t h  
and bone  i n  t h e s e  c a s e s  where  i n g e s t i o n  had  t a k e n  p l a c e  
a f t e r  d e n t a l  d e v e lo p m e n t  had  o c c u r r e d .  I f  i n g e s t i o n  o f  
r a d iu m  t o o k  p l a c e  d u r i n g  t h e  d e v e lo p m e n t  o f  t h e  t e e t h ,  t h e  
c o n c e n t r a t i o n  i n  t h e  t e e t h  was o c c a s i o n a l l y  f i v e  t i m e s  as  
g r e a t  a s  t h a t  o f  b o n e .
S i g n i f i c a n t  l e v e l s  o f  s t r o n t i u m - 90 have  b e e n  e x p e r ­
i e n c e d  s i n c e  1953* ^B.e d e c i d u o u s  and p e rm a n e n t  t e e t h  o f  
c h i l d r e n  have  b e e n  employed  as  a  means o f  m e a s u r in g  t h e  
90S r  f a l l - o u t  b y  R e i s s  (1 96 1 )  R o s e n t h a l ,  G i l s t e r  and B i r d
( 1 9 6 3 ) ,  S t a r k e y ,  B r y a n t  and H e n d e rso n  (1964)  and  o t h e r s .  
C o n c e n t r a t i o n s  i n  d i f f e r e n t  p o r t i o n s  o f  t h e  t o o t h  a r e  
r e l a t e d  t o  t h e  r a t e  o f  i n g e s t i o n  d u r i n g  d e v e lo p m e n t .
T h e re  h a v e  b e e n  numerous r e p o r t s  on t h e  o r a l  e f f e c t s  o f  
i o n i z i n g  r a d i a t i o n  on t h e  d e v e lo p m e n t  and  g ro w th  i n  t h e  
b i o l o g i c a l  t i s s u e s  i n c l u d i n g  t h e  d e n t a l  t i s s u e s .  Gowgeil
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(1961)  r e p o r t s  on. t h e  a d m i n i s t r a t i o n  o f  f r a c t i o n a t e d ,  d o se s  
o f  4 5 0 0 ,  5500 and  7500 r a d s  t o  t h e  m a x i l l a e  and m a n d ib le s  
o f  young m onkeys .  He s t u d i e d  d ev e lo p m e n t  f o r  y e a r s  
a f t e r  i r r a d i a t i o n  and o b s e r v e d  t h a t  w h i l e  d o s e s  o f  t h i s  
m ag n i tu d e  p r e v e n t e d  f u r t h e r  dev e lo p m e n t  o f  t h e  t e e t h ,  t h e s e  
t e e t h  w h ic h  w ere  p a r t i a l l y  fo rm ed  t e n d e d  t o  e r u p t  i n t o  f u l l  
o c c l u s i o n .  G o r l i n  and M eskin  (19 6 3 )  r e p o r t e d  a  human c a s e  
whose d e n t a l  d e v e lo p m e n t  13 y e a r s  a f t e r  i r r a d i a t i o n  r a n g e d  
from c o m p l e t e  a b s e n c e  o f  a  t o o t h  o r  t o o t h  r o o t  t o  a r e a s  
o f  h y p o c a l c i f i c a t i o n .
C i r c u l a t i o n  s t u d i e s  o f  t h e  d e n t a l  p u l p  have b e e n  
c a r r i e d  o u t  by  Meyer ( 1 9 6 6 ) .  R a d i o a c t i v e  s o l u t i o n s  o f  
s o d iu m - 2 4 ,  i o d i n e - 1 3 1  and p o t a s s i u m - 4 2  were  a d j u s t e d  t o  
i s o t o n i c i t y  a t  a  pH 7*2 w i t h  an a c t i v i t y  o f  300-500  
( iC i/m l.  S m a l l  q u a n t i t i e s  ( 0.01  ml)  o f  t h e  i s o t o p e  s o l u t i o n  
were p l a c e d  i n t o  c a v i t i e s  p r e p a r e d  on t h e  c a n i n e  t o o t h  o f  
a  dog .  The s o l u t i o n  was c o v e r e d  w i t h  m i n e r a l  o i l  t o  
m in im ize  e v a p o r a t i o n .  A 6 mm s c i n t i l l a t i o n  p r o b e  e q u ip p e d  
w i t h  a  c o l l i m a t o r  was p l a c e d  above t h e  c a v i t y  and t h e  
a c t i v i t y  r e c o r d e d  f o r  tw o - m in u te  p e r i o d s  a t  s i x - m i n u t e  
i n t e r v a l s .  Removal o f  t h e  i s o t o p e  f rom  t h e  c a v i t y  by  
p u l p a l  c i r c u l a t i o n  was i n d i c a t e d  by  an i n c r e a s e  i n  b lo o d  
r a d i o a c t i v i t y  w h ic h  t e n d e d  t o  r e a c h  a  p l a t e a u  a s  t h e  c l e a r ­
ance  r a t e  d i m i n i s h e d .  I n  some o f  t h e  e x p e r i m e n t s  
e p i n e p h r i n e  o r  i s o t o n i c  s a l i n e  was i n f i l t r a t e d  a t  t h e  apex  
and t h e  f i n d i n g s  w i t h  e p i n e p h r i n e  s u g g e s t  a  q u a l i t a t i v e  
r e l a t i o n s h i p  b e tw e e n  c l e a r a n c e  and b l o o d  f l o w .
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7* S t u d y  o f  t o o t h  c o n t a c t s
Many s t u d i e s  have  b e e n  u n d e r t a k e n  t o  examine t h e  
r e l a t i o n s h i p  b e tw e e n  t h e  c o n t a c t s  o f  t o o t h  s u r f a c e s  i n  t h e  
upp e r  an d  i n  t h e  lo w e r  t e e t h .  T h is  r e l a t i o n s h i p  i s  
i m p o r t a n t  w i t h  b o t h  t h e  n a t u r a l  and  a r t i f i c i a l  d e n t i t i o n  
a s  a b n o rm a l  c o n t a c t s  may p r o d u c e  h a r m f u l  s e q u e l a e .  E a r l y  
methods o f  r e c o r d i n g  t h e s e  c o n t a c t s  was by d i r e c t  l e a d s  
t a k e n  f ro m  t h e  t o o t h  s u r f a c e s  and c o n n e c t e d  d i r e c t l y  t o  
r e c o r d i n g  e q u ip m e n t  o u t s i d e  t h e  mouth .  The p r e s e n c e  o f  
t h e  w i r e s  p a s s i n g  b e tw e e n  t h e  l i p s  i n t r o d u c e d  many d i f f i ­
c u l t i e s  i n  t h e s e  e a r l y  s t u d i e s .  The c o n t a c t  o f  w i r e  w i t h  
t h e  mucous membrane c o u l d  a l t e r  t h e  r e s p o n s e  o f  norm al  
f u n c t i o n  e i t h e r  by  t h e  s t i m u l a t i o n  o f  t h e  c o n t a c t  r e f l e x  
n e r v o u s  m echan ism  w h ich  c o u l d  a l t e r  t h e  chewing  p a t t e r n  and 
p r o d u c e  an a b n o rm a l  m a s t i c a t o r y  c y c l e  o r  t h e  w i r e s  them­
s e l v e s  c o u l d  d i s p l a c e  t h e  d e n t u r e .  These  d i f f i c u l t i e s  have 
be en  overcome by  e m p lo y in g  t e l e m e t r i c  e q u ip m e n t .  The 
d e v e lo p m e n t  and c o n s t r u c t i o n  o f  a t r a n s m i t t e r  w h ich  c o u l d  
be b u i l t  i n t o  a r t i f i c i a l  d e n t u r e s  and w h ich  would o p e r a t e  
when c o n t a c t  was made b e tw e e n  o p p o s i n g  t e e t h  h a s  b e e n  d e s ­
c r i b e d  by  N e i l l  ( 1 9 6 7 ) .  T h is  t r a n s m i t t e r  was a  m o d i f i c a ­
t i o n  o f  t h e  ’’r a d i o  p i l l ” t y p e  o f  t r a n s m i t t e r .  - The 
t r a n s m i t t e r  was i n s t a l l e d  i n  t h e  lo w e r  d e n t u r e  and s e a l e d  
i n  s u c h  a  way t h a t  no s i g n a l  c o u l d  be  t r a n s m i t t e d  due t o  
l e a k i n g  o f  c u r r e n t  t h r o u g h  t h e  s a l i v a .
T o o th  c o n t a c t s  an d  s t u d i e s  o f  m a s t i c a t i o n  were c a r r i e d  
o u t  by  Kavanagh  and Z ander  (1965)  u s i n g  a t r a n s m i t t e r  b u i l t  
i n t o  a  d e n t a l  b r i d g e .  T h is  b r i d g e  was made, o f  a c r y l i c  and 
r e p l a c e d  a m i s s i n g  t o o t h .  t> im ul taneous  r e c o r d i n g  was
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c a r r i e d  o u t  w i t h  an © le c t ro m y o g ra p h  t o  examine t h e  r e l a t i o n ­
sh ip  b e tw e e n  t o o t h  c o n t a c t s  and  m usc le  a c t i v i t y .  By 
moving t h e  c o n t a c t  p o i n t s  o f  t h e  t o o t h  t r a n s m i t t e r  t o  a  
s u c c e s s i o n  o f  l o c a t i o n s  on t h e  o c c l u s a l  s u r f a c e  p o s i t i o n  -  
t im e  s t u d i e s  o f  t o o t h  c o n t a c t s  have b e e n  made (Adams and 
Zander  1 9 6 4 ) .  The o n s e t  o f  t o o t h  c o n t a c t  was r e l a t e d  t o  
a s s o c i a t e d  b u r s t s  o f  m u sc le  a c t i v i t y  r e c o r d e d  f o r  e a c h  
c o n t a c t  s i t e  on t h e  e l e c t r o m y o g r a p h  c h a n n e l s ,  p e r m i t t i n g  a 
d e t e r m i n a t i o n  o f  t h e  t im e  se q u e n c e  o f  c o n t a c t s  a t  t h e s e  
l o c a t i o n s .
The so u n d s  p r o d u c e d  d u r i n g  t h e  m a s t i c a t i n g  c y c l e  have 
b een  s t u d i e d  b y  W at t  ( 1 9 6 6 ) .  I n  h i s  s t u d y  a  m ic rophone  was 
u se d  i n  p l a c e  o f  a  s t e t h o s c o p e  c h e s t p i e c e  and t h e  sounds  
made d u r i n g  m a s t i c a t i o n  were  r e c o r d e d  on a  t a p e  r e c o r d e r  
w i t h  a  t a p e  s p e e d  o f  15 i n c h e s  p e r  s e c o n d .  The t a p e  was 
p l a y e d  b a c k  a t  5*75 i n c h e s  p e r  s e c o n d  t h r o u g h  an O s c i l l o m i n k  
p a p e r  r e c o r d e r  w h ic h  h ad  a  p a p e r  sp e e d  o f  10 cm p e r  s e c o n d .  
T h i s  p r o c e d u r e  was c a r r i e d  o u t  t o  overcome t h e  d i f f i c u l t y  
p r o d u c e d  by  t h e  l o w e r  f r e q u e n c y  r e s p o n s e  o f  t h e  p a p e r  
r e c o r d e r  a s  com pared  t o  t h e  o s c i l l o s c o p e .
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TRACE ELEMENT CONTENT OP THE HARD DENTAL TISSUES
AND DENTAL PLAQUE
The t e r m  " t r a c e  e l e m e n t "  may l e a d  t o  some c o n f u s i o n  
as t h e r e  i s  no d e f i n i t i v e  b o u n d a ry  o f  c o n c e n t r a t i o n  and no 
w i d e ly  a c c e p t e d  g r o u p i n g  o f  e l e m e n t s  i n t o  t r a c e  and non­
t r a c e  e l e m e n t s .  I t  h a s  b e e n  s u g g e s t e d  t h a t  l i m i t s  o f  
c o n c e n t r a t i o n  o f  100 ppm. by  w e i g h t  o r  l e s s  s h o u l d  con­
s t i t u t e  a  t r a c e  e l e m e n t  l e v e l  b u t  i n  t h e  h a r d  d e n t a l  
t i s s u e s  c o n c e n t r a t i o n s  g r e a t e r  t h a n  t h i s  a r e  g e n e r a l l y  
c o n s i d e r e d  t r a c e  e l e m e n t s .  The p r o g r e s s  o f  t r a c e  e le m e n t  
a n a l y s i s  h a s  b e e n  l i n k e d  t o  t h e  deve lop m en t  o f  more s e n s i t i v e  
t e c h n i q u e s  w h ic h  h a s  r e s u l t e d  i n  more p r e c i s e  i n f o r m a t i o n  
c o n c e r n i n g  t h e  f u n c t i o n  o f  t r a c e  e l e m e n t s .
S e l e c t i o n  o f  A n a l y t i c a l  T ec h n iq u e
V a r i o u s  c r i t e r i a ,  s u c h  a s  s e n s i t i v i t y ,  a c c u r a c y  and 
p r e c i s i o n ,  and s e l e c t i v i t y  have  t o  be c o n s i d e r e d  b e f o r e  
d e c i d i n g  on a  p a r t i c u l a r  t e c h n i q u e .  bometimes some con­
f u s i o n  e x i s t s  b e tw e e n  t h e s e  t e r m s .  I n  one s e n s e  
" s e n s i t i v i t y " i s  u s e d  t o  i n d i c a t e  t h e  s m a l l e s t  q u a n t i t y  o f  
a s u b s t a n c e  w h ic h  c a n  be  d e t e c t e d ,  w h ich  r e a l l y  i m p l i e s  
" l o w e s t  l i m i t  o f  d e t e c t i o n " .  I n  i t s  s t r i c t  c h e m ic a l  s e n s e ,  
s e n s i t i v i t y  i m p l i e s  t h e  a b i l i t y  o f  a  method t o  o b s e r v e  t h e  
d i f f e r e n c e  b e tw e e n  v e r y  s m a l l  amounts o f  a  s u b s t a n c e .
The lo w e r  l i m i t  o f  d e t e c t i o n  may be  e x p r e s s e d  e i t h e r  
as t h e  a b s o l u t e  l i m i t  ( i . e .  t h e  s m a l l e s t  d e t e c t a b l e  w e ig h t  
o f  a  s u b s t a n c e  e x p r e s s e d  i n  m ic ro g ram s  (10 gm .) nanograms
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(10 9 gm.)  o r  p i c o g r a m s  (10 12 g m .) )  o r  t l ie  r e l a t i v e  l i m i t  
( i . e .  t h e  l o w e s t  d e t e c t a b l e  l i m i t  o f  c o n c e n t r a t i o n  e x p r e s s e d  
as a p e r c e n t a g e ,  p a r t s  p e r  m i l l i o n  o r  p a r t s  p e r  b i l l i o n ) .
As s e v e r a l  m ethods  o f  a d e q u a te  s e n s i t i v i t y  a r e  
a v a i l a b l e  f o r  t r a c e  a n a l y s i s  t h e  a n a l y s t  must  ch oose  a  
method w h ic h  i s  a c c u r a t e  f o r  t h e  p u r p o s e .  The a c c u r a c y  o f  
a  method i s  c h a r a c t e r i s e d  by  t h e  a b s o l u t e  and r e l a t i v e  
e r r o r s  w h ic h  may a f f e c t  t h e  r e s u l t s .  Sometimes t h i s  t e r m  
i s  c o n f u s e d  w i t h  p r e c i s i o n ,  w h ic h  i s  t h e  r e p r o d u c i b i l i t y  
o f  e x p e r i m e n t a l  r e s u l t s .  S y s t e m a t i c  e r r o r s  may be  i n t r o ­
duced  i n t o  an  a n a l y t i c a l  p r o c e s s  a t  many p o i n t s  su c h  as  i n  
s a m p l i n g ,  o r  i n  t h e  p r e p a r a t i o n  o f  t h e  sp e c im en .
B e f o r e  d e c i d i n g  on t h e  method f o r  t r a c e  a n a l y s i s  
c o n s i d e r a t i o n  m us t  b e  g i v e n  t o  any i n t e r f e r e n c e s  w h ich  may 
a r i s e .  At t i m e s  i n t e r f e r e n c e s  may be p r e s e n t  i n  t h e  m a t r i x  
o f  t h e  sa m p le  o r  a r e  p r o d u c e d  by  t h e  p r e s e n c e  o f  o t h e r  t r a c e  
e l e m e n t s ,  w h ic h  c a n  m o d ify  t h e  r e s u l t .  The a n a l y s t  must  
employ s e v e r a l  m ethods  t o  a c h i e v e  a d e q u a te  s e l e c t i v i t y .
I n  d e c i d i n g  on a  m ethod  o f  t r a c e  a n a l y s i s  t h e  c h o ic e  
i s  o f t e n  d e t e r m i n e d  by p r a c t i c a l  c o n s i d e r a t i o n s  s u c h  a s  
e x p e n s e  and l a b o r a t o r y  f a c i l i t i e s .  A d e s i r a b l e  f e a t u r e  
i n  any t e c h n i q u e  i s  t o  d e t e r m i n e  as  many t r a c e  e l e m e n t s  as  
p o s s i b l e  i n  a  g i v e n  a n a l y s i s .
The o n l y  c o m p r e h e n s iv e  t e c h n i q u e s  g i v i n g  t h i s  t y p e  
o f  i n f o r m a t i o n  a r e  e m i s s i o n  s p e c t r o g r a p h y  and s p a r k  s o u r c e  
mass s p e c t r o s c o p y .  However, b e c a u s e  o f  d e t e c t i o n  and 
r e c o r d i n g  p r o b l e m s  a s s o c i a t e d  w i t h  t h e s e  c o m p re h e n s iv e  
m e th o d s ,  t h e y  a r e  g e n e r a l l y  l e s s  p r e c i s e  t h a n  s i n g l e  e le m e n t  
a n a l y s i s  c a r r i e d  o u t  u n d e r  o p t i m a l  c o n d i t i o n s .
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Many a n a l y t i c a l  t e c h n i q u e s  have  b e en  employed f o r  
th e  d e t e c t i o n  and m easu rem en t  o f  o v e r  t w e n ty  t r a c e  e l e m e n t s  
i n  t h e  d e n t a l  t i s s u e s .  I n  g e n e r a l  t h e r e  i s  good a g reem en t  
b e tw ee n  d i f f e r i n g  m ethods  o f  a n a l y s i s .  One o f  t h e  d i f f i ­
c u l t i e s  i s  i n  t h e  method  o f  s a m p l in g  and i n  t h e  p r e p a r a t i o n  
o f  t h e  sa m p le  f o r  a n a l y s i s  s u c h  a s  w h e th e r  i t  i s  a w e t ,  d r y  
o r  a s h e d  s a m p le .
A c o m p a r i s o n  o f  t h e  l i m i t s  o f  s e n s i t i v i t y  o f  s e v e r a l  
o f  t h e s e  t e c h n i q u e s  i s  g i v e n  i n  T ab le  1 . A b r i e f  d e s ­
c r i p t i o n  o f  a  few  o f  t h e  m ethods  employed i s  g i v e n  b e lo w .
S p e c t r o p h o t o m e t r y  and F l u o r o m e t r y
A n a l y t i c a l  t e c h n i q u e s  b a s e d  on t h e  e m i s s i o n ,  a b s o r p ­
t i o n  and s e c o n d a r y  f l u o r e s c e n c e  o f  r a d i a t i o n  i n  t h e  v i s i b l e ,  
i n f r a - r e d  and u l t r a - v i o l e t  r a n g e  o f  t h e  s p e c t r u m  have  b e e n  
employed f o r  some t i m e .  A w id e r  r a n g e  o f  t r a c e  e le m e n t  
a n a l y s i s  became a v a i l a b l e  w i t h  t h e  i n t r o d u c t i o n  o f  p h o t o ­
e l e c t r i c  d e t e c t o r s  and  im p ro v e d  i n s t r u m e n t s  i n  t h e  v i s i b l e  
and u l t r a - v i o l e t  r a n g e .  At t h e  same t im e  t h e  d ev e lo p m e n t  
o f  o r g a n i c  compounds w h ic h  complex  s p e c i f i c a l l y  w i t h  p a r ­
t i c u l a r  e l e m e n t s  e n a b l e d  a d d i t i o n a l  a b s o r p t i o n  t e c h n i q u e s  t o  
be a p p l i e d  t o  many t r a c e  e l e m e n t  p r o b l e m s .  Flame s p e c t r o -  
m e t r i c  t e c h n i q u e s  c a n  be  u s e d  w i t h  a b s o r p t i o n  and f l u o r ­
e s c e n t  m e th o ds  and do n o t  n e c e s s i t a t e  t h e  u se  o f  c o m p lex in g  
o r g a n i c  compounds .  A l l  t h e s e  m ethods  a r e  c a p a b l e  o f  
m e a s u r in g  b e lo w  t h e  p . p . m .  l e v e l  f o r  many e l e m e n t s .
The s e n s i t i v i t y  o f  any  m ethod o f  s p e c t r o p h o t o m e t r y  
depends  on t h e  r e s p o n s e  o f  t h e  i n s t r u m e n t  employed .  I n  t h e  
c a se  o f  a b s o r p t i o n  s p e c t r o p h o t o m e t r y  u s i n g  o r g a n i c  compounds
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T a b le  1
C o m p ar i so n  o f  A b s o lu t e  D e t e c t i o n  L im i t s
E lem en t
S p a r k  * 
S o u r c e  
M ass .  S p e c .
( i n  
n a n o g ra m s)
N e u t ro n  * 
A c t i v a t i o n  
( i n  
nano grams)
* *
Em. F l a .
P h o t . 
( g m s / m l . )
* *
A t .  Abs.
P h o t ,  
( g m s / m l . )
Ag 0 . 2 0 .0 1 6 . 10-8 1 . 10"8
A1 0 . 0 2 1 3 . 10-6 1 . 10-6
As 0 . 0 6 0.1
Au 0 .2 O.O5
Ba 0 .2 5 2 5 . 10-7 1 . 10"6
Cr 0 .0 5 100
Cu 0 . 0 8 0.1 -A . _A O I 1 . 1o-8
F 0 .0 2 100
Fe 0 . 0 5 5000 2 5 . 10"7 3 . 10-9
L i 0 . 0 0 6 - 2 . 10"10 3 . 10"8
Mn 0 . 0 5 0 .0 0 5 1 . 10-8 1 . 1CT8
Mo 0 . 5 10
Ni 0 .0 7 5 2 . 10-7 3 . 10"9
Fb 0 . 3 1000 1 . 10"6 3 . 10"8
Rb 0.1 5 3 . 10"9 1 . 1CT7
Sb 0 .2 0 . 5
Se 0.1 500
Sn 0 . 3 50
Sr 0 . 0 9 0 . 5 -1. 1CT8 3 . 10-8
V 0.04- 0.1
Zn 0.1 10 8 . 10"5 1 . 10"9
* M o r r i s o n ,  G.H. ’T r a c e  A n a l y s i s  o f  B i o l o g i c a l  M a t e r i a l s  
by Mass S p e c t r o m e t r y  and  I s o t o p e  D i l u t i o n 1 , I . A . E . A .  
Symposium on N u c l e a r  A c t i v a t i o n  T e c h n iq u e s  i n  t h e  L i f e  
S c i e n c e s ,  Amsterdam, 1967*
**Herrman, R. , and  Lang,  W. 'A tomic  a b s o r p t i o n ^ a n d  f l am e  
e m i s s i o n  s p e c t r o m e t r y  i n  t r a c e  a n a l y s i s  o f  b i o l o g i c a l  
m a t e r i a l s ' .  I . A . E . A .  Symposium on N u c le a r  A c t i v a t i o n  
T e c h n iq u e s  i n  t h e  L i f e  S c i e n c e s ,  Amsterdam, 1967*
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t h e  r e s p o n s e  i s  a l s o  d e p e n d e n t  on t h e  d eve lopm en t  o f  t h e  
c o l o u r  r e a c t i o n  i n  t h e  s p e c i f i c  o r g a n i c  compound and some­
t im e s  i n t e r f e r e n c e  o c c u r s  i n  t h e  p r e s e n c e  o f  f o r e i g n  
s u b s t a n c e s .
Mass S p e c t r o m e t r y
The u s e  o f  mass s p e c t r o m e t e r s  i n  a n a l y t i c a l  p ro b le m s  
was s u g g e s t e d  a s  e a r l y  a s  1913 and t h e i r  v a l u e  s i n c e  t h e  
1 9 4 0 ' s  h a s  b e e n  m a i n l y  i n  t h e  a n a l y s i s  o f  m u l t i - c o m p o n e n t  
h y d r o c a r b o n  m i x t u r e s  i n  p e t r o c h e m i c a l  p r o b l e m s .  T h e i r  
employment i n  t h e  a n a l y s i s  o f  n o n - v o l a t i l e  m a t e r i a l s  was 
v e r y  l i m i t e d  u n t i l  1955* S i n c e  t h e n  c o m m erc ia l  i n s t r u m e n t s  
have become a v a i l a b l e  e m p lo y in g  t h e  vacuum s p a r k  f o r  
s a m p l in g  s o l i d s .
As a  r e s u l t  o f  t h e  s u c c e s s  o f  t h e  vacuum s p a r k
t e c h n i q u e  a s  a s u r v e y  m ethod  f o r  t h e  d e t e r m i n a t i o n  o f  t r a c e
c o m p o s i t i o n  i n  i n o r g a n i c  m a t e r i a l s ,  i t s  a p p l i c a t i o n  t o  
b i o l o g i c a l  m a t e r i a l s  a p p e a r e d  p r o m i s i n g .
The a p p l i c a t i o n s  o f  mass s p e c t r o m e t r y  t o  t h e  a n a l y s i s  
o f  b i o l o g i c a l  m a t e r i a l s  i s  j u s t  b e g i n n i n g  t o  be  r e c o g n i s e d  
and p r e l i m i n a r y  s t u d i e s  have  b e e n  c a r r i e d  o u t  i n  t h e
e l e m e n t a l  a n a l y s i s  o f  d e n t a l  t i s s u e s  by  Hardwick  and M a r t in
( 1967) .  I n  c o n t r a d i s t i n c t i o n  t o  m ethods  o f  e l e m e n t a l  
a n a l y s i s ,  mass s p e c t r o m e t r i c  s t u d i e s  o f  t h e  m o l e c u l a r  com­
p o s i t i o n  o f  b i o l o g i c a l  s y s t e m s  i s  w e l l  e s t a b l i s h e d  p a r t i c u ­
l a r l y  s i n c e  t h e  a d v e n t  o f  h i g h  r e s o l u t i o n  mass s p e c t r o m e t r y .
T h ere  a r e  many p ro b le m s  a s s o c i a t e d  w i t h  t h e  u se  o f  
t h i s  t e c h n i q u e .  One s e r i o u s  p r o b le m  a r i s e s  as  a r e s u l t  o f  
s p e c t r a l  i n t e r f e r e n c e s  o b t a i n e d  i n  t h e  d i r e c t  s p a r k i n g  o f
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b i o l o g i c a l  m a t e r i a l s  b l e n d e d  w i t h  t h e  c o n d u c t o r .  F r a g ­
m en ta ry  o r g a n i c  i o n s  o f  d i f f e r i n g  c o m p l e x i t y  a r e  formed i n  
t h e  s p a r k  and  t h e s e  s p e c t r a l  i n t e r f e r e n c e s  may a p p e a r  a t  
many m a s s / c h a r g e  r a t i o s  f rom  14 t o  above 200 and o v e r l a p  
t h e  t r a c e  e l e m e n t s  l i n e s  o f  i n t e r e s t .  Q u a l i t a t i v e  
i d e n t i f i c a t i o n  i s  d i f f i c u l t  and q u a n t i t a t i v e  m easurem ent  
may be i m p o s s i b l e  f o r  e l e m e n t s  a l l  o f  whose i s o t o p e  m asses  
c o i n c i d e  w i t h  i s o t o p e  m asse s  o f  o t h e r  e l e m e n t s .
S p a r k  s o u r c e  mass s p e c t r o m e t r y  i s  i d e a l l y  s u i t e d  t o  
t h e  a n a l y s i s  o f  i n o r g a n i c  m a t e r i a l s  o f  h i g h  p u r i t y  w i t h  
l i m i t e d  i n t e r f e r e n c e  f rom  m a jo r  e l e m e n t s  o r  m a t r i x  m a t e r i a l .
D e s p i t e  t h e  l i m i t a t i o n s  o f  t h i s  m ethod ,  how ever ,  a  
g r e a t  d e a l  o f  i n f o r m a t i o n  c a n  be  o b t a i n e d  on a  l a r g e  number 
o f  t r a c e  e l e m e n t s  i n  a  g i v e n  s a m p le ,  o f t e n  a c h i e v i n g  
d e t e c t i o n  l i m i t s  w h ic h  may be  c o n s i d e r a b l y  lo w er  t h a n  t h o s e  
o f  o t h e r  t r a c e  m e th o d s .
The d e t e c t i o n  l i m i t s  f o r  mass s p e c t r o m e t r y  and 
a c t i v a t i o n  a n a l y s i s  m e th o d s ,  a s  g i v e n  i n  T ab le  1 ,  r e p r e s e n t  
i d e a l i s e d  v a l u e s .  I n  t h e  a c t u a l  e l e m e n t a l  a n a l y s i s  o f  
s a m p le s ,  i n t e r f e r e n c e s  by  t h e  m a t r i x  o r  o t h e r  t r a c e  e l e m e n t s  
do n o t  a l l o w  t h e  a c h i e v e m e n t  o f  t h e s e  v a l u e s  u n l e s s  c h e m ic a l  
m ethods  a r e  u s e d  f o r  t h e  r e m o v a l  o f  t h e s e  i n t e r f e r e n c e s .
N e u t ro n  A c t i v a t i o n  A n a l y s i s
A c t i v a t i o n  a n a l y s i s  h a s  b e e n  employed f o r  t h e  a n a l y s i s  
o f  t r a c e  e l e m e n t  l e v e l s  i n  many b i o l o g i c a l  m a t e r i a l s  
i n c l u d i n g  t e e t h .  T h i s  i s  a  m ethod  o f  e l e m e n t a l  a n a l y s i s  
which  u t i l i s e s  c e r t a i n  n u c l e a r  p r o p e r t i e s  o f  t h e  e l e m e n t s  
i n  a  s a m p le .  N u c l e a r  p a r t i c l e s  a r e  u s e d  t o  p r o d u c e
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r a d i o a c t i v e  i s o t o p e s  by  a c t i v a t i n g  t h e  n u c l e i  o f  t h e  e le m e n t s  
c o n t a i n e d  i n  t h e  s a m p le .  The r a d i o i s o t o p e s  so p r o d u c e d  can  
be d e t e c t e d  and m e a su re d  by  t h e i r  n u c l e a r  r a d i a t i o n s .  As 
t h e  n u c l e a r  c h a r a c t e r i s t i c s  o f  e a c h  r a d i o a c t i v e  i s o t o p e  a re  
known, t h e  amount o f  t h e  e l e m e n t  p r e s e n t  c a n  be  d e t e r m i n e d .  
Some fo rm s  o f  a n a l y s i s  c a n  be  p u r e l y  i n s t r u m e n t a l  su ch  as  
gamma r a y  s p e c t r o m e t r y  o r  t h e y  may r e q u i r e  a s s o c i a t e d  c h e m ic a l  
s e p a r a t i o n .  When c h e m i c a l  s e p a r a t i o n s  a r e  r e q u i r e d  a f t e r  
i r r a d i a t i o n  t o  remove any i n t e r f e r i n g  i o n s ,  no e r r o r s  a r e  
i n t r o d u c e d  b y  t h e  p r e s e n c e  o f  t r a c e  c o n t a m i n a n t s  i n  t h e  
r e a g e n t s .
The g e n e r a l  a d v a n t a g e s  o f  a c t i v a t i o n  a n a l y s i s  i n  
r e l a t i o n  t o  t r a c e  e l e m e n t s  i n  t h e  t e e t h  a r e :
( a )  S p e c i f i c i t y  and c e r t a i n t y  o f  i d e n t i t y .
The i d e n t i f y  o f  t h e  e le m e n t  d e t e c t e d  c a n  be  c o n f i r m e d  
by d e c a y  o r  g a m m a - s p e c t r a l  s t u d i e s .  T h i s  p r o v i d e s  a  c h ec k  
a g a i n s t  t h e  i n t e r f e r e n c e  by  a n o t h e r  e le m e n t  i n  t h e  m e a su re ­
m ent .  Once t h e  t e c h n i q u e  h a s  b e e n  e s t a b l i s h e d  t h e r e  i s  
se ldom  any d i f f i c u l t y  w i t h  i n t e r f e r e n c e s .
( b )  Freedom  f ro m  r e a g e n t  c o n t a m i n a t i o n .
( c )  The a v o id a n c e  o f  micro-s e p a r a t i o n s .
( d )  H ig h  s e n s i t i v i t y .
The l i m i t s  o f  d e t e c t i o n  o f  a  t r a c e  e le m e n t  by  a c t i v a ­
t i o n  a n a l y s i s  i s  a  f u n c t i o n  o f  many v a r i a b l e s  s u c h  a s  t h e  
amount o f  r a d i o a c t i v i t y  i n d u c e d  i n  t h e  u n i t  mass o f  an 
e l e m e n t .
A l t h o u g h  a c t i v a t i o n  a n a l y s i s  i s  a  v e r y  s e n s i t i v e
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t e c h n i q u e , i t  i s  a l s o  s u b j e c t  t o  a l a r g e  number o f  e r r o r s .
As i n  c h e m i c a l  a n a l y s i s ,  e r r o r s  may a l s o  be  i n t r o ­
duced i n t o  a c t i v a t i o n  a n a l y s i s  t h r o u g h  t h e  sa m p l in g  p r o c e s s .  
While one o f  t h e  a d v a n t a g e s  o f  a c t i v a t i o n  a n a l y s i s  i s  t h a t  
n o n - r a d i o a c t i v e  c o n t a m i n a t i o n  a f t e r  i r r a d i a t i o n  w i l l  n o t  
a f f e c t  t h e  r e s u l t ,  sam ple  c o n t a m i n a t i o n  p r e s e n t s  a  p ro b le m .  
Due t o  l i m i t a t i o n s  o f  s p a c e  d u r i n g  i r r a d i a t i o n  and t h e  h i g h  
s e n s i t i v i t y  o f  t h e  method  s m a l l e r  sam ples  can  be u s e d ,  as  
a r e s u l t  o f  w h ic h  r e l a t i v e  c o n t a m i n a t i o n  i s  g r e a t e r .
T race  e l e m e n t s  i n  enam el
The c o n c e n t r a t i o n s  o f  many o f  t h e  t r a c e  e l e m e n t s  i n  
enamel a r e  shown i n  T a b le  2 .  P r e v i o u s  a n a l y s e s  o f  t e e t h  
o f  a  s e m i - q u a n t i t a t i v e  o r  q u a l i t a t i v e  n a t u r e  i n d i c a t e d  th e  
p r e s e n c e  o f  many o f  t h e s e  e l e m e n t s  (L o w ate r  and Murray 1937 > 
L e i c e s t e r  194-9). The c o n c e n t r a t i o n  o f  i n d i v i d u a l  t r a c e  
e l e m e n t s  v a r i e s  g r e a t l y  f rom  p p b .  -  ppm. Many o f  t h e s e  
e l e m e n t s  a r e  c o n s i s t e n t  c o n s t i t u e n t s  o f  enamel and v a r y  
l i t t l e  b e tw e e n  t h e  e r u p t e d  and u n e r u p t e d  t o o t h  b e i n g  i n c o r ­
p o r a t e d  i n  t h i s  t i s s u e  a t  t h e  t im e  o f  t o o t h  d e v e lo p m e n t .
Some e l e m e n t s  a r e  p r e s e n t  i n  c o n c e n t r a t i o n s  s i m i l a r  t o  t h o s e  
i n  o t h e r  t i s s u e s  i n  t h e  b o d y .
I n  t h e  e r u p t e d  t e e t h  how ever ,  g r e a t e r  v a r i a t i o n s  i n  
c o n c e n t r a t i o n  do o c c u r .  Much o f  t h i s  v a r i a t i o n  may be due 
t o  a c c u m u l a t i o n  o f  e l e m e n t s  f rom  f o o d ,  w a te r  and g e n e r a l  
e n v i ro n m e n t  and  many o f  t h e s e  n o n - e s s e n t i a l  t r a c e  e l e m e n t s  
a re  p r e s e n t  m e r e l y  a s  c o n t a m i n a n t s  o f  enam el .  O th e r s  su c h  
as Pb ,  Sn ,  and  Hg may be  a c q u i r e d  by t h e  enamel s u r f a c e  from 
amalgam r e s t o r a t i o n s  o r  a s  a  r e s u l t  o f  t o o t h  b r u s h i n g .
- 166 -
T ab le  2
T r a c e  E lem en t  L e v e l s  i n  Enamel
E l e ­
ment
Range o r  
Mean (ppm) Method R e f e r e n c e
Ag 0.0049
1 -1 0
Ac. An. 
Mass . Spec .
Sorem ark  & Lundberg  
Hardwick & M a r t in
1964)
1967)
A1 1 0 -1 0 0 Mass. S p e c . Hardwick & M a r t in 1967)
As 1 0 -1 0 0
0 . 0 9 1 - 0 . 1 4 5
Mass. S p e c .  
Ac. An.
Hardwick  & M a r t in  
Nixon & Sm ith
1967)
1960)
Au 0 .0 2 ± 0 . 0 1 Ac. An. Sorem ark  & Samsahl 1961)
Cr 0 . 0 0 9 7 A c . An. Sorem ark  & Lundberg 1964)
Cu 12-90  
1 0 . 1 1 ± 7 . 8 4  
0 . 2 6 ± 0 . 11 
1 - 1 0
S p e c t .
Ac . An.
Ac. An. 
Mass .  S p e c .
B r u d e v o ld  & Steadman 
Nixon & Sm ith  
Sorem ark  & Samsahl  
Hardwick  & M a r t in
1955)
1962)
1961)
1967)
E 9 2 -1 2 4 7 Chem ica l B r u d e v o ld ,  G ardner  
& S m ith  
J e n k i n s  & S p e i r s
1956)
1953)
Fe 9 9 8 -1 0 9 Ac. An. Sorem ark  & Lundberg 1964)
Mn 0 . 5 4 ± 0 . 0 8
0 . 90- 2.01
0 . 15- 1 .00
1 0 -1 0 0
Ac. An.
A c . An.
Ac. An.
Mass.  S p e c .
Sorem ark  & Samsahl  
N ixon ,  L i v i n g s t o n  
& Sm ith  
B a t t i s o n e ,  Feldman 
& Reba 
H ardwick  & M a r t in
1961)
1966)
1967)
1967)
Mo 0 . 0 2 6 - 0 . 1 2
0 . 0 9 2 - 0 . 4 6
1 -1 0
Ac. An.
S p e c t . 
Mass. S p e c .
N ixon ,  L i v i n g s t o n  
& Sm ith  
H e a ly  & Ludwig 
Hardwick  & M a r t i n
1967)
1963)
1967)
Pb 2 9 - 5 5 0 S p e c t .
B ru d e v o ld  & 
Steadman 1956)
Rb 4 . 9 0 1 2 . 2 A c . An. Sorem ark  & Lundberg 1964)
Sb 0 . 0 0 5 - 0 . 6 7 Ac. An.
N ixon ,  L i v i n g s t o n  
& S m ith 1967)
( C o n t in u e d
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Table 2 (C on tinued )
E l e ­
ment
Range o r  
Mean (ppm) Method R e f e r e n c e
Se 0 .4 - 3 - 1 .6 0 Ac . An. H a d j im ark os  & B o n h u rs t
(1959)
Sn 1 . 0 - 7 . 0 S p e c . B ru d e v o ld  & Steadman (1956)
Sr 2 3 - 3 5 0
9 3 . 5 ± 2 1 .9  
100-1000
S p e c .
A c . An. 
Mass .  S p e c .
S teadm an ,  B ru d e v o ld  
& Sm ith  
Sorem ark  & Samsahl  
H ardwick  & M a r t in
(1958)
(1961)
(1967)
V 0 .0 1
1 .0
Ac. An. 
Mass. S p e c .
■Nixon e t  a l .  
Hardwick  & M a r t in
(1967)
(1967)
Zn 276+106
14-9-1550
1 8 2 -2 1 0 0
1 0 0 -1 0 0 0
A c. An.
A c .. An.
S p e c t . 
Mass .  S p ec .
Sorem ark  & Samsahl  
N ixon ,  L i v i n g s t o n  
& Sm ith  
B r u d e v o ld  e t  a l .  
Hardwick  & M a r t i n
(1961)
(1966)
(1963)
(1967)
The i m p o r t a n c e  o f  t h e  m i n e r a l  c o m p o s i t i o n  o f  t h e  s u r f a c e  
l a y e r  o f  enam el  h a s  b e e n  s t r e s s e d .  C e r t a i n  t r a c e  e l e m e n t s  
s u c h  a s  F ,  Zn, Fe and  Pb a r e  fo u n d  i n  h i g h e r  c o n c e n t r a t i o n s  
i n  t h e  s u r f a c e  enam el  t h a n  i n  t h e  s u b - s u r f a c e  (B r u d e v o ld ,
Steadman & S m i t h ,  1 9 6 0 ) .
W ith  many t r a c e  e l e m e n t s  where  t h e  s e n s i t i v i t y  o f  
t h e  m ethod  i s  h i g h ,  i t  h a s  b e e n  p o s s i b l e  t o  a n a l y s e  l a y e r s  
o f  e n a m e l ,  w h i l e  w i t h  o t h e r s  where  t h e  s e n s i t i v i t y  i s  low, 
t h e  e n t i r e  enam el  f rom  a s i n g l e  t o o t h  h a s  had  t o  be  employed 
o r  s a m p le s  o b t a i n e d  f rom  a  number o f  t e e t h .
T race  e l e m e n t s  i n  d e n t i n e
The d a t a  a v a i l a b l e  on t h e  c o n c e n t r a t i o n  and d i s t r i b u t i o n  
o f  t r a c e  e l e m e n t s  a r e  few i n  c o m p a r i s o n  w i t h  t h o s e  o f  enam el .  
T able  3 g i v e s  t h e  c o n c e n t r a t i o n s  o f  many t r a c e  e l e m e n t s  i n
-  168  -
d e n t i n e .  Much o f  p r e v i o u s  work h a s  b e e n  r e l a t e d  t o  t h e  F 
c o n t e n t  o f  d e n t i n e  and t h i s  ha s  b e e n  r e p o r t e d  e x t e n s i v e l y ,  
e . g .  J e n k i n s  and  S p e i r s  (1954)  and l o o n ,  B ru d e v o ld ,  Gardner  
and S m i th  ( 1 9 6 0 ) .
f a b l e  5 
T r a c e  E le m e n ts  i n  D e n t in e
E l e -  Range o r  
jaent Mean Method R e f e r e n c e
Ag _A I _A O Mass . S pec . Hardwick  & M a r t in 1967
Al 1 0 -1 0 0 Mass.  S p e c . n tt
As 1 0 -1 0 0 Mass .  S p e c . n »i
Au 0 . 03±0.01 A c. An. Sorem ark  & Samsahl 1962
Or - -
Ou 0 . 2 1 ± 0 . 1 0 A c. An. Sorem ark  & Samsahl 1962
F up t o  8810 S p e c t r . Yoon e t  a l . 1960
Fe - -
Mn 0 . 1 9 ± 0 . 0 6
0 .1 7 ± 0 . 5 1
A c . An. 
Ac. An.
Sorem ark  & Samsahl  
B a t t i s o n e  e t  a l .
1962
1967
Mo 1 - 1 0 Mass .  S p e c . H ardwick  & M a r t i n 1967
Pb 1 - 1 0 Mass.  S p e c . M »!
Rb 1 -1 0 Mass .  S p e c . It It
Sb 1 Mass.  S p e c . It tt
Se 0 . 3 5 - 0 . 4 5 A c. An. H a d j im ark o s  & 
B o n h u r s t 1999
Sn 1 - 1 0 Mass.  S p e c . H ardwick  & M a r t in 1967
Sr 6 9 . 8 ± 1 8 . 0
1 0 0 -6 2 0
Ac. An. 
S p e c t r .
Sorem ark  & Samsahl  
Steadman e t  a l .
1962
1958
V 1 -1 0 Mass.  Sp ec . H ardwick  & M a r t in 1967
Zn 1 50 -1 4 0 0
1 99± 78 .1
S p e c t r . 
Ac. An.
B r u d e v o ld  e t  a l .  
Sorem ark  & Samsahl
1963
1962
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The d i s t r i b u t i o n  o f  F,  P b ,  Zn and S r  i s  d i s c u s s e d  by 
B r u d e v o ld  e t  a l .  ( i 9 6 0 ) .  Most o f  t h e  a n a l y s e s  g i v e n  
r e p r e s e n t  c o n c e n t r a t i o n  on t h e  b a s i s  o f  d r y  w e i g h t s .
Sorem ark  and Sam sah l  (1962)  g iv e  t h e  mean c o n c e n t r a t i o n s  o f  
Ca, P ,  0 1 ,  Na, S r , Zn, B r , tin, W, Cu and Au i n  sound d e n t i n e  
as  d e t e r m i n e d  by  a  m u l t i - e l e m e n t  t e c h n i q u e  o f  a c t i v a t i o n  
a n a l y s i s .  Many t r a c e  e l e m e n t s  have  b e e n  i d e n t i f i e d  ”sem i­
q u a n t  i t a t i v e l y "  b y  H ardw ick  and M a r t in  (1967)  em ploy ing  
mass s p e c t r o m e t r i c  method on a sh e d  s a m p le s .
The d i f f e r e n t  r a t e s  o f  dev e lo pm en t  o f  enam e l ,  d e n t i n e  
and cementum may a c c o u n t  f o r  t h e  d i f f e r e n c e  i n  p a t t e r n s  
o f  d i s t r i b u t i o n  w i t h  t r a c e  e l e m e n t s  s u c h  a s  P and Zn. 
C o n t in u o u s  d e p o s i t i o n  o f  d e n t i n e  a l l o w s  c o n t i n u e d  c o n t a c t  
w i t h  t i s s u e  f l u i d s .
T ra c e  e l e m e n t s  i n  d e n t a l  p l a q u e
A n a l y s i s  o f  t h e  d e n t a l  p l a q u e  h a s  b e e n  m a in ly  co n ­
f i n e d  t o  t h e  c a l c i u m ,  p h o s p h o r u s ,  sodium and p o t a s s i u m  
c o n t e n t s .  The P c o n t e n t  was m ea su red  by  c h e m ic a l  a n a l y s i s  
by H ard w ick  and L ea ch  (19 6 3 )  w h i l e  P u t tn a m ,  Bradshaw and 
P l a t t  (1 9 6 5 )  d e t e r m i n e d  t h e  c o n c e n t r a t i o n s  by  X - r a y  s p e c t r o ­
scopy  on d r i e d  p l a q u e .  H ardw ick  and M a r t i n  (1967)  have  
g iv e n  a p p r o x i m a t e  c o n c e n t r a t i o n  r a n g e s  o f  most  o f  t h e  
t r a c e  e l e m e n t s  on a s h e d  s a m p le s .  The c o n c e n t r a t i o n s  a re  
g iv e n  i n  T a b l e  4 .
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T a b le  4
T r a c e  E le m e n ts  i n  D e n t a l  P la q u e
P P m . * Range ppm. **
Ag 9 1 -  10
Co 6 1 -  10
Or 10 10 -  100
Ou 35 100 -  1000
F - 6 — 180* * *
Fe 92 100 -  1000
Mn 4- 100 -  1000
Mo 2 10 -  100
Hi 8 10 -  100
Fb 7 10 -  100
Sn 16 10 -  100
Zn 66 100 -  1000
* P u t t n a m ,  N . A . , & Bradshaw , P.  & P l a t t ,  P .  (19^5)
** H a r d w i c k , J . L . , & M a r t i n ,  O . J .  (1907)
(o n  a sh e d  s a m p le s )
*** H a rd w ic k ,  J . L . , & L ea ch ,  S .H. (1903)*
F l u o r i n e
F l u o r i n e  h a s  b e e n  s t u d i e d  more i n t e n s i v e l y  t h a n  any 
o t h e r  t r a c e  e l e m e n t  and  numerous co m p re h en s iv e  r e v i e w s  have 
b e e n  p u b l i s h e d .  B ru d e v o ld  e t  a l .  (1950)  g i v e s  a  f i g u r e  
o f  331 ppm. i n  u n e r u p t e d  t e e t h  i n c r e a s i n g  t o  124-7 PPm* i*1 
t h e  enam el  o v e r  30 y e a r s  o f  a g e .  The f l u o r i d e  l e v e l  
d e c r e a s e s  r a p i d l y  t o  t h e  d e n t i n o - e n a m e l  j u n c t i o n  where 
f i g u r e s  o f  3 0 -6 0  ppm. a r e  t o  b e  fo u n d .  D eciduous  t e e t h
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while c o n ta in in g  l e s s  f lu o r id e  than  permanent t e e t h  show 
a s im i la r  d ec re a se  i n  th e  f lu o r id e  co n ten t  from the  o u te r  
enamel s u r f a c e .
Toon e t  a l .  ( i 9 6 0 )  r e p o r t  t h a t  h i g h e r  c o n c e n t r a t i o n s  
o f  f l u o r i d e  were a lw ay s  fo u n d  i n  t h e  p u l p a l  s u r f a c e  o f  
d e n t i n e  t h a n  i n  t h e  i n n e r  d e n t i n e .  The r a n g e  o f  f l u o r i d e  
i n  d e n t i n e  v a r i e s  g r e a t l y  w i t h  maximal c o n c e n t r a t i o n s  g iv e n  
as  8810 ppm. where  t h e  w a t e r  c o n c e n t r a t i o n  o f  f l u o r i d e  was 
3 .2  ppm.
A n a ly s is  o f  wet samples o f  d e n ta l  p laque  by Hardwick 
and Leach (1963) showed a mean f lu o r id e  c o n te n t  o f  66 .9  ppm. 
and a ran g e  o f  f l u o r i d e  c o n c e n tra t io n s  from 6 -  180 ppm. 
L a te r  r e p o r t s  by Dawes, J e n k in s ,  Hardwick and Leach (1965) 
showed c o n c e n t r a t io n s  of p laque c o l l e c t e d  from 11 year  o ld  
c h i ld r e n  i n  a low f lu o r i d e  a re a  as 26 ppm. and 4-7 ppm. in  
a h ig h e r  f l u o r i d e  a r e a  (2 ppm .).
Zinc
The c o n c e n t r a t i o n s  o f  z i n c  i n  enamel a r e  s i m i l a r  t o  
t h o s e  o f  f l u o r i d e .  Chem ica l  m ethods  o f  a n a l y s i s  were 
employed by  C r u i c k s h a n k  (1937)  t o  d e t e r m i n e  c o n c e n t r a t i o n s  
o f  z i n c  i n  e n a m e l .  These  c o n c e n t r a t i o n s  r a n g e d  from 211 -  
260 ppm. f o r  p e r m a n e n t  t e e t h .  Sorem ark  and Samsahl  (1961)  
fo un d  a mean v a l u e  o f  276 ppm. u s i n g  n e u t r o n  a c t i v a t i o n  
a n a l y s i s  b u t  no a t t e m p t  was made t o  s e p a r a t e  t h e  enamel 
i n t o  l a y e r s .  B r u d e v o ld  e t  a l .  (1963)  u s i n g  s p e c t r o g r a p h i c  
m ethods  o f  a n a l y s i s  on e r u p t e d  t e e t h  fo u n d  t h a t  c o n c e n t r a ­
t i o n s  r a n g e d  f ro m  4-30-2100 ppm. The h i g h  c o n c e n t r a t i o n s  
found  i n  t h e  enamel  s u r f a c e  i n  t h i s  i n v e s t i g a t i o n  were a l s o
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p r e s e n t  i n  t h e  enamel  o f  u n e r u p t e d  t e e t h  d e m o n s t r a t i n g  t h a t  
most  o f  t h e  z i n c  was d e p o s i t e d  b e f o r e  e r u p t i o n .  A c t i v a ­
t i o n  a n a l y s i s  was a l s o  employed by  h ix o n  e t  a l .  (1967)  t o  
m easure  c o n c e n t r a t i o n s  o f  z in c  i n  s i n g l e  t e e t h  r a n g i n g  from 
58 -  1550 ppm. w i t h  h i g h e r  c o n c e n t r a t i o n s  foun d  on t h e  
o u t e r  s u r f a c e  e n a m e l .
Z in c  c o n c e n t r a t i o n s  i n  c o r o n a l  d e n t i n e  have be en  g iv e n  
by B r u d e v o ld  e t  a l .  ( 1 9 6 3 ) .  These r a n g e d  from 250 ppm. a t  
t h e  d e n t i n o - e n a m e l  j u n c t i o n  t o  1100 ppm. a t  t h e  s u r f a c e  
a d j a c e n t  t o  t h e  p u l p  i n  u n e r u p t e d  t e e t h .  I n  e r u p t e d  t e e t h  
t h e  c o n c e n t r a t i o n  r a n g e  r e m a in e d  g r e a t e r  a t  t h e  s u r f a c e  
a d j a c e n t  t o  t h e  p u l p  and r a n g e d  from 150-14-00 ppm. The mean 
c o n c e n t r a t i o n  f o r  d e n t i n e  i n  p e rm a n en t  t e e t h  a s  g i v e n  by  
Sorem ark  an d  Sam sah l  (1962)  was 199 ppm.
The c o n c e n t r a t i o n  o f  z i n c  i n  d e n t a l  p l a q u e  as  g i v e n  by 
P u t tn a m  e t  a l .  (1965) r a n g e s  f rom  0 .04-7-0 .100  ppm. Hardwick 
and M a r t i n  (1967) p l a c e  z i n c  i n  t h e  r a n g e  100-1000 ppm. f o r  
a s h e d  s a m p l e s .
Lead
E a r l i e r  s p e c t r o g r a p h i c  s t u d i e s  by  Drea  (1936)  showed 
l e a d  was c o n s i s t e n t l y  p r e s e n t  i n  t e e t h .  The mean l e a d  
c o n t e n t  f o r  d e c i d u o u s  t e e t h  a s  g i v e n  by A l t s h u l l e r  (1962)  
was 1 5 .1  ppm. B r u d e v o ld  and Steadman (1956)  found  r e l a ­
t i v e l y  h i g h  c o n c e n t r a t i o n s  o f  l e a d  i n  t h e  e x t e r n a l  enamel 
l a y e r  w h ic h  r a p i d l y  d e c r e a s e d  to w a rd s  t h e  amelo—d e n t i n a l  
j u n c t i o n ,  i n  b o t h  e r u p t e d  and u n e r u p t e d  t e e t h .  The con ­
c e n t r a t i o n  o f  l e a d  i n c r e a s e d  w i t h  age and t h e  i n c r e a s e  was 
more m arked  on t h e  e x t e r n a l  t h a n  i n  t h e  i n t e r n a l  s u r f a c e
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enam el .  The c o n c e n t r a t i o n  r a n g e d  35 -  550 ppm.
Few f i g u r e s  a r e  a v a i l a b l e  f o r  t h e  c o n c e n t r a t i o n s  o f  
l e a d  i n  d e n t i n e  and d e n t a l  p l a q u e .  Hardwick and M a r t in  
(1967)  s t a t e  t h a t  c o n c e n t r a t i o n  i n  a sh e d  d e n t i n e  i s  b e tw een  
1 - 1 0  ppm. and  10 -  100 ppm. i n  a sh ed  d e n t a l  p l a q u e .  
P u t tn a m  e t  a l .  (1 9 6 5 )  g i v e  a  mean c o n c e n t r a t i o n  o f  7 ppm. 
f o r  d e n t a l  p l a q u e .
I r o n
The o u t e r  s u r f a c e  o f  enamel  c o n t a i n s  a  much g r e a t e r  
c o n c e n t r a t i o n  o f  i r o n  t h a n  t h e  s u b - s u r f a c e .  T o r r e l l  (1957)  
r e p o r t s  c o n c e n t r a t i o n s  r a n g i n g  f rom  120 -  640 ppm. t h e  
c o n c e n t r a t i o n  i n c r e a s i n g  w i t h  a g e .  Sorem ark  and Lundberg
(1964)  g i v e  a mean c o n c e n t r a t i o n  o f  338 ppm. b u t  S teadman 
and B r u d e v o ld  ( u n p u b l i s h e d  o b s e r v a t i o n s  1963) s t a t e  t h a t  
w h i l e  much lo w e r  c o n c e n t r a t i o n s  o f  i r o n  (25 -  60 ppm .)  a r e  
t o  be f o u n d  i n  t h e  s u r f a c e  enamel o f  t e e t h  f rom s e v e r a l  
c o m m u n i t i e s  i n  t h e  U n i t e d  S t a t e s ,  t h i s  s u r f a c e  c o n c e n t r a ­
t i o n  was o f t e n  t h r e e  t i m e s  a s  h i g h  a s  t h a t  o f  t h e  d e e p e r  
e n a m e l .
Ho f i g u r e s  a r e  a v a i l a b l e  f o r  d e n t i n e  b u t  Hardwick 
and M a r t i n  (1 9 6 7 )  s t a t e  t h a t  i t  may be  e x p e c t e d  t o  be  i n  
t h e  r a n g e  100 -  1000 ppm. a s h e d .  The r a n g e  o f  c o n c e n t r a ­
t i o n  i n  d e n t a l  p l a q u e  i s  g i v e n  by  P u t tn a m  e t  a l .  (1965) .  
as  47  -  128 ppm.
S t r o n t i u m
S t r o n t i u m  i s  a  c o n s t a n t  t r a c e  e le m e n t  i n  t e e t h .
Vide v a r i a t i o n s  a r e  fo un d  i n  t h e  enamel o f  d i f f e r e n t  t e e t h
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and t h e  r a n g e  v a r i e s  f rom 25 -  600 ppm. i n  t e e t h  from 
d i f f e r e n t  g e o g r a p h i c  a r e a s  (Steadman e t  a l .  1 9 5 8 ) .  The 
d i s t r i b u t i o n  i s  even  t h r o u g h o u t  enamel  w i t h  no d i f f e r e n c e  
i n  t h e  s t r o n t i u m  c o n c e n t r a t i o n  among d i f f e r e n t  age g ro u p s  
o r  b e tw e e n  u n e r u p t e d  and  e r u p t e d  t e e t h .  Soremark  and 
Samsahl  ( 1 9 6 1 )  g i v e  a  mean v a l u e  o f  9 3 .5  ppm. i n  t h e  enamel 
o f  p e r m a n e n t  t e e t h .
S teadm an  e t  a l .  (1958)  g i v e  c o n c e n t r a t i o n s  o f  
s t r o n t i u m  i n  d e n t i n e  s i m i l a r  t o  t h o s e  o f . e n a m e l  (100 -  620 
p p m . ) .  The mean c o n c e n t r a t i o n  6 9 .8  ppm. g iv e n  by 
Sorem ark  and Sam sah l  (1961)  i s  s l i g h t l y  lo w er  t h a n  t h a t  o f  
en am e l .
T h e re  a r e  few f i g u r e s  f o r  t h e  c o n c e n t r a t i o n  o f  
s t r o n t i u m  i n  d e n t a l  p l a q u e  b u t  Hardwick  and M a r t in  (1967)  
g i v e  t h e  r a n g e  b e tw e e n  10 -  100 ppm.
Copper
V a r i a t i o n s  a r e  fo u n d  i n  t h e  c o n c e n t r a t i o n s  o f  co p p e r  
o f  e r u p t e d  t e e t h  and  c o n c e n t r a t i o n  r a n g e s  o f  12 -  30 ppm. 
w i t h  no v a r i a t i o n  w i t h  a g e ,  have  b e e n  r e p o r t e d  by  B ru d e v o ld  
and S teadm an  (1 9 5 5 )  u s i n g  s p e c t r o m e t r i c  methods o f  a n a l y s i s .
A c t i v a t i o n  a n a l y t i c a l  methods by  Nixon and Sm i th  (1962)  
g i v e  a  mean v a l u e  o f  9*5 ppm. f o r  t h e  o u t e r  enamel l a y e r  
and 1 1 .3  ppm. f o r  t h e  i n n e r  en am e l .  Lower c o n c e n t r a t i o n s  
a r e  r e p o r t e d  by  Sorem ark  and Samsahl  (1961)  who r e p o r t  a 
mean v a l u e  f o r  c o p p e r  i n  enamel o f  0 . 2 6  ppm. and 0 .2 1  ppm. 
f o r  d e n t i n e .  H ardwick  and M a r t i n  (1967)  i n a  se m i-  
q u a n t i t a t i v e  e s t i m a t i o n  r e p o r t e d  l e v e l s  o f  t h e  o r d e r  o f  
10 ppm. f o r  a s h e d  enam el  and a s l i g h t l y  h i g h e r  c o n c e n t r a t i o n
f o r  a s h e d  d e n t i n e .
From t h e  r e s u l t s  o b t a i n e d  i t  would a p p e a r  t h a t  w h i l e  
v a r i a t i o n  d o e s  o c c u r  i n  c o n c e n t r a t i o n s  o f  c o p p e r  i n  i n d i ­
v i d u a l  t e e t h ,  no d e f i n i t e  p a t t e r n  o f  d i s t r i b u t i o n  i s  
p r e s e n t .
I n  p l a q u e  t h e  r a n g e  f o r  c o p p e r  i s  g i v e n  u s i n g  X - r a y  
s p e c t r o m e t r y  by  P u t t n a m  e t  a l .  (19 6 5 )  a s  f rom  17 -  59 ppm. 
H ardwick  and M a r t i n  (1 9 6 7 )  r e p o r t  a  c o n c e n t r a t i o n  o f  a b o u t  
100 ppm. a s h e d .
Manganese
R e l a t i v e l y  l i t t l e  d a t a  a r e  t o  be  foun d  r e g a r d i n g  
c o n c e n t r a t i o n s  o f  manganese  i n  t h e  d e n t a l  t i s s u e s .
I n c r e a s e d  c o n c e n t r a t i o n  on t h e  o u t e r  s u r f a c e  w i t h  a  de ­
c r e a s e  i n  t h e  s u b - s u r f a c e  l a y e r s  o f  enamel i n  p e rm a n en t  
t e e t h  have  b e e n  r e p o r t e d .  B r u d e v o ld ,  S teadman and Sm i th  
( i 9 6 0 )  g i v e s  c o n c e n t r a t i o n s  r a n g i n g  20 ppm. -  5 ppm. f rom 
o u t e r  t o  i n n e r .  N ix on ,  L i v i n g s t o n  and S m i th  (1967)  r e p o r t  
t h a t  c o n c e n t r a t i o n s  r a n g i n g  f rom  2 .0 1  -  0 . 3 4  ppm. were 
fo u n d  a g a i n  w i t h  h i g h e r  c o n c e n t r a t i o n s  o f  manganese on t h e  
o u t e r  en am el  l a y e r .  A mean v a l u e  o f  0 . 5 4  ppm. h a s  b e e n  
g i v e n  by  S o re m a rk  and Sam sahl  (1961)  and 0 . 2 5  ppm. by  
B a t t i s o n e ,  Fe ldm an  and Reba (1967)*
T h e re  a r e  few f i g u r e s  a v a i l a b l e  f o r  c o n c e n t r a t i o n s  i n  
d e n t i n e .  A mean c o n c e n t r a t i o n  o f  0 . 1 9  ppm. (Sorem ark  
1962)  and  0 . 2 5  ppm. ( B a t t i s o n e  1967) a r e  r e p o r t e d .
P u t tn a m  ( 1 9 6 5 )  g i v e s  a  r a n g e  o f  1 -  10 ppm. manganese i n  
d e n t a l  p l a q u e .
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Molybdenum
D e s p i t e  t h e  c o n s i d e r a b l e  i n t e r e s t  i n  t h e  r o l e  p l a y e d  
by molybdenum i n  c a r i e s  ( J e n k i n s  1967) c o m p a r a t i v e l y  l i t t l e  
i s  known a b o u t  t h e  c o n c e n t r a t i o n s  o f  t h i s  e le m e n t  i n  t h e  
d e n t a l  t i s s u e s ,  p a r t l y  due t o  d i f f i c u l t i e s  i n  a n a l y t i c a l  
t e c h n i q u e s .  H e a ly  and Ludwig (1963)  g iv e  c o n c e n t r a t i o n s  
o f  0 . 0 3 4  and 0 .0 3 2  ppm. i n  p e rm a n e n t  t e e t h  f rom N a p ie r  and 
H a s t i n g s  i n  New Z e a l a n d .  These f i g u r e s  were f o r  whole 
t e e t h  w i t h  no s e p a r a t i o n  o f  enamel and d e n t i n e .  F i g u r e s  
g i v e n  f o r  t h e  same a r e a s  f o r  d e c id u o u s  t e e t h  were 0.069  
ppm. f o r  N a p i e r  and 0 . 4 6  ppm. f o r  H a s t i n g s .  Nixon e t  a l .  
( 1967) g i v e  t h e  c o n c e n t r a t i o n  a s  f rom  0 .0 2 6  -  0.12  i n  
t h e  enam el  o f  p e rm a n e n t  t e e t h  i n  S c o t l a n d .
No s e p a r a t e  f i g u r e s  a r e  a v a i l a b l e  f o r  d e n t i n e ,  
a l t h o u g h  H ard w ick  and M a r t i n  (1967)  g iv e  a  s e m i - q u a n t i t a t i v e  
m easu rem en t  b e tw e e n  1 - 1 0  ppm. T h is  r e p o r t  a l s o  g i v e s  
c o n c e n t r a t i o n s  b e tw e e n  10 -  100 ppm. molybdenum i n  d e n t a l  
p l a q u e .  P u t t n a m  e t  a l .  (1965)  r e p o r t  a  c o n c e n t r a t i o n  
b e tw e e n  1 - 2  ppm.
S e le n iu m
D e s p i t e  t h e  i m p o r t a n c e  o f  t h i s  e le m e n t  as  an e s s e n t i a l  
t r a c e  e l e m e n t  and i t s  r o l e  a s  a  c a r i e s  e n h a n c in g  a g e n t ,  
few a n a l y s e s  a r e  a v a i l a b l e  f o r  t h e  d e n t a l  t i s s u e s .  
H a d j im a rk o s  a n d  B o n h u r s t  (1959)  r e p o r t  c o n c e n t r a t i o n s  o f
1 .6 0  -  0.43  ppm. f o r  enamel  and 0 .3 5  -  0 . 4 3  ppm* 
d e n t i n e .  C o n c e n t r a t i o n s  o f  1 -  10 ppm. f o r  enam el ,  10 -  
100 ppm. f o r  d e n t i n e  and 1 - 1 0  ppm. f o r  p l a q u e  a r e  r e p o r t e d  
by H ardw ick  and M a r t i n  (1967)*
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ESTIMATION OF SELENIUM IN HUMAN DENTAL ENAMEL 
BY ACTIVATION ANALYSIS
S e l e n i u m  i s  an e s s e n t i a l  t r a c e  e le m e n t  f o r  h i g h e r  
a n im a l s  and  i s  f u n c t i o n a l l y  r e l a t e d  t o  v i t a m i n  E.
R o s e n f i e l d  a n d  B e a t h  (19 4 5 )  have  g i v e n  a  c o m p reh en s iv e  
r e v i e w  on t h e  i m p o r t a n c e  o f  s e l e n i u m  i n  n a t u r e .  I n  b i o ­
l o g i c a l  t i s s u e  s e l e n i u m  l e v e l s  have b e e n  fou nd  t o  r a n g e  from 
0 .0 0 5  -  0 . 5  ppm. The d i e t a r y  r e q u i r e m e n t s  o f  s e l e n i u m  a r e  
t h o u g h t  t o  b e  i n  t h e  r e g i o n  o f  0 .1  -  0 . 1 5  PP&. b u t  t h e s e  
l e v e l s  have  n o t  b e e n  d e t e r m i n e d  a c c u r a t e l y .  S u rv e y s  o f  
s e l e n i f e r o u s  s o i l s  h ave  shown t h a t  t h e  m a j o r i t y  o f  t h e s e  
c o n t a i n  l e s s  t h a n  2 ppm. s e l e n i u m  and i n  no c a s e s  have l e v e l s
g r e a t e r  t h a n  100 ppm. b e e n  fo u n d .
S e l e n i f e r o u s  s o i l s  h ave  h e e n  r e p o r t e d  i n  I r e l a n d .  
C o n c e n t r a t i o n s  o f  s e l e n i u m  i n  County L im e r i c k  have  b e e n  
fo u n d  t o  b e  o f  t h e  o r d e r  o f  1 ppm. i n  l i m e s t o n e ,  5-50  ppm. 
i n  s h a l e  and  500 ppm. i n  s t r e a m  s e d i m e n t s .
A n a l y s i s  o f  s t r e a m  s e d i m e n t s  i n  s m a l l  a r e a s  o f  E ng land  
and Wales h av e  g i v e n  maximal  v a l u e s  r a n g i n g  from 3 . 8 - 9  
ppm. s e l e n i u m  com pared  w i t h  t h e  no rm al  b a c k g ro u n d  o f  
ppm. (Webb, T h o r n t o n  and  F l e t c h e r ,  1 9 6 6 ) .
A d i r e c t  r e l a t i o n s h i p  b e tw e e n  d e n t a l  c a r i e s  i n c i d e n c e  
and s e l e n i u m  u p t a k e  h a s  b e e n  s u g g e s t e d  by  H a d j im ark o s  an 
B o n h u r s t  ( 1 9 5 8 ) .  E p i d e m i o l o g i c a l  s t u d i e s  i n  s c h o o l ­
c h i l d r e n  i n  Wyoming by  Tank and S t o r v i c k  (1960)  have  
c o r r o b o r a t e d  t h i s .  T h i s  r e l a t i o n s h i p ,  how ever ,  h a s  n o t  
b e e n  s u b s t a n t i a t e d  by  e v id e n c e  i n  New Z e a la n d  ( C a d e l l  and 
C o u s i n s ,  1 9 6 0 ) .  The c o n c l u s i o n s  r e a c h e d  i n  New Z ea la n d
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s t u d i e s  h a v e  b e e n  q u e s t i o n e d  by H a d j im ark o s  ( i 960) on t h e  
b a s i s  t h a t  t h e  New Z e a la n d  i n v e s t i g a t i o n  was c a r r i e d  o u t  i n  
a r e a s  w h ic h  were  d e f i c i e n t  i n  s e l e n iu m  and t h a t  t h e  t h r e s h o l d  
v a l u e  o f  s e l e n i u m  i n t a k e  n e c e s s a r y  t o  i n f l u e n c e  c a r i e s  
s u s c e p t i b i l i t y  was n o t  r e a c h e d .
I n  a n im a l  s t u d i e s  B u t t n e r  (1963)  h a s  shown t h a t  t h e  
a d m i n i s t r a t i o n  o f  5 ppm. and 10 ppm. N a ^ e O ^  i n ' d r i n k i n g  
w a t e r  d u r i n g  t h e  p e r i o d  o f  t o o t h  d ev e lo p m e n t  i n c r e a s e d  
t h e  c a r i e s  r a t e .
S e l e n i u m  i s  f o u n d  a s  a  c o n s t i t u e n t  o f  b o t h  enamel 
and d e n t i n e .  C o n c e n t r a t i o n s  have  b e e n  g i v e n  f o r  0.43  -
1 .6 0  ppm. f o r  enam el  and 0 . 3 5  -  0 . 4 3  ppm. f o r  d e n t i n e  
(H a d j im a rk o s  and  B o n h u r s t ,  1959)*
Methods a v a i l a b l e  f o r  d e t e r m i n i n g  t r a c e  amounts o f  s e l e n iu m
The l e v e l s  o f  s e l e n i u m  which  a r e  t h o u g h t  t o  be p r e s e n t  
i n  n o rm a l  b i o l o g i c a l  t i s s u e  r a n g e  f rom  s e v e r a l  p a r t s  p e r  
b i l l i o n  t o  l e s s  t h a n  a  p a r t  p e r  m i l l i o n  so t h a t  o n l y  u l t r a ­
m ic ro m e th o d s  o f  a n a l y s i s  a r e  s u i t a b l e  f o r  t h e i r  d e t e c t i o n .  
Methods w h ich  h a v e  b e e n  employed  i n c l u d e  X - r a y  f l u o r e s c e n c e ,  
s p e c t r o p h o t o m e t r y ,  c o l o r i m e t r y ,  f l u o r i m e t r y  and n e u t r o n  
a c t i v a t i o n  a n a l y s i s .
The X - r a y  f l u o r e s c e n c e  method h a s  n o t  y e t  g iv e n  
s u f f i c i e n t  s e n s i t i v i t y  (H a n d le y ,  1 9 6 0 ) .  The s p e c t r o p h o t o -  
m e t r i c  m ethod  h a s  b e e n  u s e d  i n  c o n j u n c t i o n  w i t h  i s o t o p i c  
d i l u t i o n  t e c h n i q u e s  t o  e s t i m a t e  microgramme q u a n t i t i e s  o f  
s e l e n iu m  i n  o r g a n i c  m a t t e r ,  t h e  l i m i t  o f  d e t e c t i o n  b e i n g  
0 .1  jj,g. ( B l a n c h a r d  and  L e d d i c o t t e ,  1959)* use
3 , 3 1- d i a m i n o b e n z i d i n e  t o  form t h e  p i a z s e l e n o l ,  an  i n t e n s e
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y e l l o w  compound which, c an  he  m easu red  c o l o r i m e t r i c a l l y ,  
p r o v i d e s  a  means o f  d e t e r m i n i n g  0,05  pg .  o f  s e l e n iu m  
(Cheng, 1 9 5 6 ) .  The same compound h a s  b e e n  u sed  f o r  a 
f l u o r i m e t r i c  d e t e r m i n a t i o n  w i t h  a  d e t e c t i o n  l i m i t  o f  0.02  
pg. and  a  s e n s i t i v i t y  o f  0.02  fig. i n  t h e  r a n g e  o f  0.1  -  
210 pg .  s e l e n i u m  ( W a tk in s o n ,  1960) .  S t i l l  g r e a t e r  s e n s i ­
t i v i t y  h a s  b e e n  c l a i m e d  u s i n g  t h e  t e c h n i q u e  o f  n e u t r o n  
a c t i v a t i o n .  One g roup  o f  w o r k e r s  c l a i m  t h e  p r a c t i c a l  
l i m i t s  o f  d e t e c t i o n  t o  be  a s  low as  0.001 pg. o f  s e l e n iu m  
( S t e i n n e s ,  1 9 6 7 ) .  I n  t h e  p r e s e n t  work an a t t e m p t  h a s  b e e n  
made t o  m o d i fy  e x i s t i n g  and d e v e lo p  a d d i t i o n a l  n e u t r o n  
a c t i v a t i o n  a n a l y s i s  t e c h n i q u e s  f o r  t h e  e s t i m a t i o n  o f  
s e l e n i u m  i n  human d e n t a l  enam el .
N e u t ro n  A c t i v a t i o n
N e u t r o n  a c t i v a t i o n  a n a l y s i s  h a s  b e e n  a p p l i e d  t o  t h e  
d e t e r m i n a t i o n  o f  s e l e n i u m  i n  a  v a r i e t y  o f  m a t r i c e s  w hich  
i n c l u d e  b i o l o g i c a l  m a t e r i a l  (Bowen and Cawse, 1963)? amino 
a c i d s  (M axia  a n d  R o l l i e r ,  1967)> and v e g e t a b l e  m a t t e r  
( H a d j i m a r k o s ,  1 9 6 1 ) .  B o th  n o n - d e s t r u c t u v e  and r a d i o ­
c h e m ic a l  m e th o d s  have  b e e n  employed .
T a b le  1 shows t h e  s t a b l e  i s o t o p e s  o f  s e l e n i u m ,  t h e i r  
r e l a t i v e  ab u n d an c e  and t h e  r a d i o a c t i v e  n u c l i d e s  p r o d u c e d  by 
n ,  r e a c t i o n s .  From t h i s  t a b l e  i t  c a n  be s e e n  t h a t  o n ly  
t h r e e  n u c l i d e s  S e * ^ ,  Se^ 111 and S e ^  can  be p r e p a r e d  w i t h  
h i g h  s p e c i f i c  a c t i v i t y .  The u se  o f  S e ^  which  i s  a  p u re  
gamma e m i t t e r  w i t h  a  h a l f - l i f e  o f  o n l y  17*5 se c o n d s  h a s  b een  
employed i n  p u r e l y  i n s t r u m e n t a l  methods  o f  a n a l y s i s .  I t
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has t h e  a d v a n t a g e  o f  t h e  h i g h  a c t i v i t y  o b t a i n e d  and t h e
r a p i d i t y  o f  t h e  m e th o d .  One d i s a d v a n t a g e  i s  t h e  v e r y  s h o r t
h a l f - l i f e  and  a l s o  t h a t  many o t h e r  s h o r t - l i v e d  u n c l i d e s
have s i m i l a r  gamma-ray  e n e r g i e s .
Most m e th o d s  o f  a c t i v a t i o n  a n a l y s i s  i n v o l v e  t h e  use  
75of  S e "  w h ic h  h a s  a  l o n g  h a l f - l i f e  ( t 1 = 121 d)  and  which
2
a l lo w s  s u f f i c i e n t  t im e  f o r  c o m p le te  c h e m ic a l  s e p a r a t i o n
from t h e  o t h e r  a c t i v i t i e s .  One d i s a d v a n t a g e  i s  t h e  l e n g t h
of a c t i v a t i o n  t i m e  r e q u i r e d  t o  a c h i e v e  t h e  s p e c i f i c
a c t i v i t y  shown. I r r a d i a t i o n  t i m e s  o f  7 -'14 days  have  been
employed t o  r e a c h  5 -  10 p e r  c e n t  o f  t h i s  a c t i v i t y  t h u s
r e d u c i n g  t h e  s e n s i t i v i t y .
81
Se h a s  a l s o  b e e n  employed f o r  a c t i v a t i o n  a n a l y s i s .
75T h is  g i v e s  a  t h e o r e t i c a l  s e n s i t i v i t y  e q u a l  t o  t h a t  o f  B e ( y  
b u t  r e q u i r e s  a much s h o r t e r  a c t i v a t i o n  t i m e .  The d i s ­
a d v a n ta g e s  o f  t h i s  i s o t o p e  a r e  i t s  r e l a t i v e l y  s h o r t  h a l f -  
l i f e  (18m) and  a l s o  t h a t  i t  i s  a  p u r e  b e t a  e m i t t e r ,  ‘an 
a d d i t i o n a l  d i f f i c u l t y  i s  t h e  c o m p l e x i t y  o f  i t s  d e ca y  c u r v e .  
D e s p i t e  d i f f i c u l t i e s  a  s e n s i t i v i t y  o f  5 x  10 ^ g .  h a s  b e e n  
c la im e d  i n  b i o l o g i c a l  m a t e r i a l s .  O th e r  i s o t o p e s  Se 
( t ^  = 3 . 9m) and  S e81111 ( t .  = 57m) have a l s o  b een  u s e d  b u t  
th e  l i m i t s  o f  d e t e c t i o n  and  s e n s i t i v i t y  o f  t h e s e  i s o t o p e s  
a re  p o o r .
Methods and M a t e r i a l s
P r e p a r a t i o n  o f  T o o th  Samples
G a r i e s - f r e e  a d u l t  p e rm a n e n t  t e e t h  were  o b t a i n e d  from 
d i f f e r e n t  a r e a s  o f  t h e  B r i t i s h  I s l e s .  I t  was i m p o r t a n t  t o
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av o id  c o n t a m i n a t i o n  d u r i n g  e x t r a c t i o n  and w h e reve r  p o s s i b l e  
t e e t h  were  rem oved  s u r g i c a l l y  t o  a v o id  enamel  c o n t a m i n a t i o n  
w i th  e x t r a c t i o n  f o r c e p s .  -Enamel was s e p a r a t e d  from 
d e n t i n e  by  r e m o v i n g  t h e  d e n t i n e  w i t h  t u n g s t e n  c a r b i d e  b u r s .  
When s m a l l  f r a g m e n t s  o f  enamel  were  p r e p a r e d  p o l y t h e n e  
s h e e t s  were  u s e d  t o  p r o t e c t  t h e  enamel  f rom  c o n t a m i n a t i o n  
d u r i n g  f r a g m e n t a t i o n .
A p p r o x i m a t e l y  100 mg. sam p les  were u se d  and t h e s e  were 
s e a l e d  i n  p o l y t h e n e  b a g s  f o r  s h o r t  i r r a d i a t i o n s  and i n  
a lum in ium  c a n s  f o r  l o n g  i r r a d i a t i o n s .
P r e p a r a t i o n  o f  S t a n d a r d s
A p p r o x i m a t e l y  20 pg .  o f  s e l e n iu m  were u s e d  as  a  
s t a n d a r d  i n  t h e  fo rm  o f  u l t r a - p u r e  ( 99*999%) se l e n iu m  
d i o x i d e .  The i m p u r i t i e s  p r e s e n t  were c o b a l t  ( 1 . 0  p p m . ) ,  
c o p per  ( 0 .3  p p m . ) ,  i r o n  ( 1 .0  p p m . ) ,  n i c k e l  ( 2 .0  ppm.)  and 
l e a d  ( 0 . 4  ppm. ) .
Fo r  s h o r t  i r r a d i a t i o n s  s t a n d a r d s  were p r e p a r e d  by 
a c c u r a t e l y  w e i g h i n g  s e v e r a l  d r o p s  o f  a  s t a n d a r d  s e l e n iu m  
d i o x i d e  s o l u t i o n  o n to  one i n c h  p o l y t h e n e  s q u a r e s  which have 
been  t h o r o u g h l y  c l e a n e d  w i t h  n i t r i c  a c i d  and d i s t i l l e d  w a t e r .  
The w a t e r  was e v a p o r a t e d  s lo w ly  u n d e r  an i n f r a - r e d  lamp 
a v o i d i n g  o v e r h e a t i n g  o f  t h e  p o l y t h e n e  s q u a r e s  which  when d ry  
were f o l d e d  a n d  s e a l e d  i n  p o l y t h e n e  b a g s .
For  l o n g  i r r a d i a t i o n s  s e l e n i u m  d i o x i d e  c r y s t a l s  were 
i r r a d i a t e d  i n  a  s m a l l  a lum in ium  c a n .  A s t a n d a r d  s o l u t i o n  
c o n t a i n i n g  a p p r o x i m a t e l y  20 (ig. o f  s e l e n i u m  p e r  m l.  was made 
up a f t e r  i r r a d i a t i o n  and  1 m l .  a l i q u o t s  o f  t h i s  b e i n g  u sed  
as a s t a n d a r d .
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I r r a d i a t i o n
( i )  S e l e n i u m  -  81 d e t e c t i o n .
S h o r t  i r r a d i a t i o n s  o f  20 m in u te s  and one h o u r  were 
c a r r i e d  o u t  a t  t h e  U n i v e r s i t i e s  o f  L i v e r p o o l  and M a n ches te r
R e se a rc h  R e a c t o r  a t  R i s l e y .  N e u t ro n  f l u x e s  o f  0 . 4  x  1012
2 12 2 n/cm / s e c .  and  1 .2  x  10 n /cm / s e c .  were o b t a i n e d  d ep en d ­
in g  on t h e  p l a c i n g  o f  t h e  sa m p le s  i n  t h e  r e a c t o r .  The 
sam ples  were  p r o c e s s e d  i m m e d ia t e l y  a f t e r  rem o v a l  f rom t h e  
r e a c t o r  and  c o u n t e d  a f t e r  a  s e p a r a t i o n  t im e  o f  a p p r o x i m a t e ly  
1 h o u r .
( i i )  S e l e n i u m  -  75 d e t e c t i o n .
F o r  t h i s  i s o t o p e  t h e  enamel sam ples  and s t a n d a r d s  were 
i r r a d i a t e d  f o r  two weeks i n  a  r e a c t o r  w i t h  a  t h e r m a l  
n e u t r o n  f l u x  o f  10^2 n /cm 2/ s e c  (BEPO H a r w e l l ) .  The sam p les  
were p r o c e s s e d  and  c o u n t e d  a f t e r  a c o o l i n g  p e r i o d  o f  1 week.
P r e p a r a t i o n  o f  I r r a d i a t e d  Sam ples  f o r  A n a l y s i s
A f t e r  i r r a d i a t i o n ,  s am p les  were  t r a n s f e r r e d  t o  100 ml. 
b e a k e r s  c o n t a i n i n g  1 m l .  o f  s e l e n i u m  c a r r i e r  s o l u t i o n .  A 
minimum volume (10  -  20 d r o p s )  o f  c o n c e n t r a t e d  n i t r i c  &cid 
was added  t o  e a c h  b e a k e r  w h ich  was t h e n  c o v e r e d  by  a w a tch  
g l a s s  and p l a c e d  on a  h o t  p l a t e .  When t h e  t o o t h  enamel 
had d i s s o l v e d ,  t h e  s o l u t i o n  was t a k e n  a lm o s t  t o  d r y n e s s  t o  
remove e x c e s s  n i t r i c  a c i d ,  t h e  b e a k e r s  c o o l e d  and t h e  r e s i d u e  
d i s s o l v e d  i n  5 m l .  o f  w a t e r .
Method I :  P r e c i p i t a t i o n  and I o n  Exchange .
The r a d i o a c t i v e  s o l u t i o n s  were t r a n s f e r r e d  t o  5^ ml.  
g r a d u a t e d  c e n t r i f u g e  t u b e s  c o n t a i n i n g  10 m l.  o f  c o n c e n t r a t e d
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h y d r o c h l o r i c  a c i d  and made up t o  20 m l .  w i t h  w a t e r .  C e n t r i ­
f u g e  t u b e s  were  p l a c e d  i n  an  i c e  b a t h  and a  s t r e a m  o f  
s u l p h u r  d i o x i d e  g a s  p a s s e d  r a p i d l y  i n t o  e a c h  s o l u t i o n  f o r  
two o r  t h r e e  m i n u t e s .  The d a r k  r e d  s e l e n i u m  p r e c i p i t a t e  
w h ich  fo rm ed  was c e n t r i f u g e d ,  w ash e d ,  d i s s o l v e d  i n  a  minimum 
o f  c o n c e n t r a t e d  n i t r i c  a c i d  and  t h e  s o l u t i o n  t a k e n  a l m o s t  
t o  d r y n e s s  t o  remove e x c e s s  n i t r i c  a c i d .  The r e s i d u e  was 
d i s s o l v e d  i n  5 m l .  o f  w a t e r  and made 0 . 1N w i t h  r e s p e c t  t o  
h y d r o c h l o r i c  a c i d ,  p o u r e d  o n to  a  Dowex 50 -  ^8 c a t i o n  
e x c h a n g e  co lum n (12 cm. h i g h  and 1-J- cm. i n  d i a m e t e r )  i n  t h e  
c h l o r i d e  fo rm  and  e l u t e d  w i t h  w a t e r .  The f i r s t  25 m l .  
o f  t h e  e l u a t e  was c o l l e c t e d  i n  a  b e a k e r ,  made 6N w i t h  r e s ­
p e c t  t o  h y d r o c h l o r i c  a c i d  and s e l e n i u m  p r e c i p i t a t e d  a s  
b e f o r e .  The p r e c i p i t a t e  was s u c t i o n - f i l t e r e d  o n to  a  1 ” 
Whatman f i l t e r  p a p e r  u s i n g  a  p o l y t h e n e  f i l t e r  s t i c k  and 
w ash ed  w i t h  d i l u t e  h y d r o c h l o r i c  a c i d ,  w a t e r  and  a c e t o n e .
The f i l t e r  p a p e r  c o n t a i n i n g  t h e  p r e c i p i t a t e  was c a r e f u l l y  
p l a c e d  on  an  a lu m in iu m  p l a n c h e t  and  d r i e d  u n d e r  a n  i n f r a ­
r e d  lam p.
Method I I :  D i s t i l l a t i o n  and  P r e c i p i t a t i o n .
The d i s t i l l a t i o n  a p p a r a t u s  c o n s i s t e d  o f  a  50 ml.  
p e a r  s h a p e d  d i s t i l l a t i o n  f l a s k  w i t h  a s i d e  arm t o  w h ic h  a  
c o n d e n s e r  was c o n n e c t e d .  The o u t l e t  f rom  t h e  c o n d e n s e r  
l e d  i n t o  a  50 m l .  r e c e i v e r  t u b e  w i t h  a  s i d e  arm w h ic h  was 
c o n n e c t e d  t o  a  w a t e r  pump. A t h i n  g l a s s  t u b e  drawn t o  a  
f i n e  p o i n t  was f i t t e d  i n t o  t h e  n e c k  o f  t h e  f l a s k  t o  p r o v i d e  
an a i r  i n l e t .  The f l a s k  was h e a t e d  b y  an e l e c t r o - t h e r m a l  
b u n s e n  and t h e  r e c e i v e r  t u b e  was c o o l e d  i n  an  i c e  b a t h .
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P r i o r  t o  c a r r y i n g  o u t  a  d i s t i l l a t i o n  1 m l .  o f  sod ium  
h o l d - b a c k  c a r r i e r  and a  few a n t i - b u m p i n g  g r a n u l e s  were  add ed  
t o  t h e  d i s t i l l a t i o n  f l a s k  and  10 m l.  o f  w a t e r  a d d ed  t o  t h e  
r e c e i v e r  t u b e ,  so t h a t  t h e  end  o f  t h e  o u t l e t  f rom  t h e  c o n ­
d e n s e r  p a s s e d  be lo w  t h e  s u r f a c e  o f  t h e  w a t e r .  The r a d i o ­
a c t i v e  s o l u t i o n  was t r a n s f e r r e d  t o  t h e  d i s t i l l a t i o n  f l a s k ,
10 m l .  o f  h y d r o c h l o r i c  a c i d  and 0 .5  m l .  o f  l i q u i d  b ro m in e  
w ere  added  and t h e  a i r  i n l e t  t u b e  p l a c e d  i n  p o s i t i o n .  W ater
was p a s s e d  t h r o u g h  t h e  o u t e r  j a c k e t  o f  t h e  c o n d e n s e r .  The
vacuum w a t e r  pump was t h e n  a d j u s t e d  u n t i l  a  s t e a d y  s t r e a m  
o f  a i r  was b u b b l i n g  t h r o u g h  t h e  l i q u i d s  i n  t h e  f l a s k  and 
t h e  r e c e i v e r  t u b e .  The s o l u t i o n  i n  t h e  f l a s k  was t h e n  
h e a t e d  t o  b o i l i n g  by  t h e  e l e c t r o t h e r m a l  b u n s e n  and  t h e  
t e m p e r a t u r e  c o n t r o l l e d  so t h a t  d i s t i l l a t i o n  d i d  n o t  become 
t o o  v i g o r o u s .  Some b ro m in e  d i s t i l l e d  i n i t i a l l y  b u t  a f t e r  
5 - 1 0  m i n u t e s  a  y e l l o w  l i q u i d ,  s e l e n i u m  t e t r a b r o m i d e , 
c o u l d  be  s e e n  i n  t h e  c o n d e n s e r .  The d i s t i l l a t i o n  was c o n ­
t i n u e d  u n t i l  o n l y  a few m l.  o f  l i q u i d  r e m a i n e d  i n  t h e  f l a s k .  
The e l e c t r o t h e r m a l  b u n s e n  was s w i t c h e d  o f f  and re m o v e d ,  
t h e  o u t l e t  d i s c o n n e c t e d  f ro m  t h e  vacuum pump and t h e  t u b e  
rem oved  f ro m  t h e  r e c e i v e r  t u b e .  S u p l h u r  d i o x i d e  was p a s s e d  
i n t o  t h e  d i s t i l l a t e  w h ic h  h a d  c o l l e c t e d  i n  t h e  r e c e i v e r  t u b e ,  
u n t i l  t h e  b ro m in e  c o l o u r  o f  t h e  s o l u t i o n  d i s a p p e a r e d .  An 
e q u a l  volume o f  h y d r o c h l o r i c  a c i d  was a d d ed  t o  make t h e  
s o l u t i o n  a p p r o x i m a t e l y  6N w i t h  r e s p e c t  t o  h y d r o c h l o r i c  a c i d ,  
a n d  more s u l p h u r  d i o x i d e  p a s s e d  r a p i d l y  i n t o  t h e  s o l u t i o n  
t o  p r e c i p i t a t e  s e l e n i u m ,  w h ic h  was w ashed  and  d r i e d  a s  i n  
Method I .  When t h e  l o n g e r - l i v e d  i s o t o p e  ( S e ^ )  was b e i n g  
c o u n t e d ,  t h e  p r e c i p i t a t e  was c e n t r i f u g e d ,  washed w i t h  w a t e r ,
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r e d i s s o l v e d  i n  n i t r i c  a c i d  and  r e p r e c i p i t a t e d  b e f o r e  
f i n a l l y  w a s h in g  and  d r y i n g .
R e s u l t s
The gamma s p e c t r u m  o f  S e l e n iu m  75 o b t a i n e d  f ro m  
s e l e n i u m  p r e c i p i t a t e s  s e p a r a t e d  f ro m  i r r a d i a t e d  t e e t h  b y  
M ethods I  and I I  a r e  shown i n  R i g s .  1 , 2 and 3* The 
a c t i v i t y  was d e t e r m i n e d  f ro m  t h e  a r e a s  o f  t h e  p h o t o p e a k s  
and  t h e  s e l e n i u m  c o n t e n t  o f  t h e  t o o t h  enam el  s a m p le s  
e s t i m a t e d .
The s i x  enam el  s a m p le s  f ro m  E d in b u r g h  and  M a n c h e s t e r  
a n a l y s e d  h a d  s e l e n i u m  c o n c e n t r a t i o n s  i n  t h e  r a n g e  o f  0.213  
ppm. -  2 . 0 8  ppm. w i t h  a  mean v a l u e  o f  0 .8 7 2  ppm. ( T a b l e  2 ) .
T a b l e  2
S e l e n iu m  C o n c e n t r a t i o n  i n  A d u l t  P e r m a n e n t  T e e t h
u s i n g  S e l e n i u m - 7 5
A re a Se c o n c e n t r a t i o n  ( p p m . ) 
o f  t o o t h  enam el
Mean
0 .2 1 3
E d in b u r g h 0.318 0.830
1 .96
0.274-
M a n c h e s t e r 0.388 0.914-
2 . 0 8
D i s c u s s i o n
B o th  s e l e n i u m - 8 1  and  s e l e n i u m - 7 5  c a n  be  u s e d  f o r  t h e  
d e t e r m i n a t i o n  o f  s e l e n i u m  b y  n e u t r o n  a c t i v a t i o n  a n a l y s i s
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with,  a  s e n s i t i v i t y  o f  0.001  pg .  The u se  o f  s e l e n i u m - 8 1  
i s  l i m i t e d  t o  c a s e s  where  i t  i s  p o s s i b l e  t o  a c h i e v e  a  h i g h  
d e g r e e  o f  c h e m ic a l  p u r i t y .  Bowen and Gawse (1 96 3 )  h ave  
em ployed  t h i s  m ethod  s u c c e s s f u l l y  i n  t h e  d e t e r m i n a t i o n  o f  
s e l e n i u m  i n  b i o l o g i c a l  m a t e r i a l  e m p lo y in g  a t e c h n i q u e  
s i m i l a r  t o  Method I I .  T h ese  w o r k e r s  d i d  n o t  r e p o r t  i n t e r ­
f e r e n c e  f rom  s i l i c o n -31 w h ic h  was fo u n d  t o  be  t h e  m a jo r  
s o u r c e  o f  c o n t a m i n a t i o n  i n  t h e  p r e s e n t  a n a l y s i s  o f  e n a m e l .
As t h e  p r e s e n c e  o f  s i l i c o n - 3 1  d i d  n o t  a l t e r  t h e  s e l e n i u m - 7 5  
gamma s p e c t r u m  i t  was p o s s i b l e  t o  u se  t h i s  i s o t o p e  i n  t h e  
e s t i m a t i o n  o f  s e l e n i u m .  T h e re  a r e ,  h o w e v e r ,  two m ain  d i s ­
a d v a n t a g e s  a s s o c i a t e d  w i t h  t h e  u se  o f  s e l e n i u m - 7 5 :
( a )  The l e n g t h  o f  i r r a d i a t i o n .
( b )  The p r e s e n c e  o f  p h o s p h o r u s  32 ( t ^  = 14d)  due t o  
t h e  r e l a t i v e l y  l a r g e  amount o f  p h o s p h o r u s  i n  enam el  w h ic h  
r e n d e r s  t h e  s a m p le s  v e r y  a c t i v e  a f t e r  an  i r r a d i a t i o n  p e r i o d  
o f  2 w eek s .
The s e l e n i u m  c o n c e n t r a t i o n  o f  t h e  anam el  s a m p le s  was 
f o u n d  t o  f a l l  w i t h i n  t h e  r a n g e  0.213  ppm. -  2 . 0 8 0  ppm. w i t h  
a  mean v a l u e  o f  0 .8 7 2  ppm. T hese  v a l u e s  a r e  i n  r e a s o n a b l e  
a g re e m e n t  w i t h  t h e  r a n g e  o f  0 . 4 3  -  1 . 6 0  ppm. q u o t e d  b y  
H a d j im a r k o s  and B o n h u r s t  ( 1 9 5 9 ) .
Summary
The s e l e n i u m  c o n c e n t r a t i o n  o f  enam el  f ro m  s a m p le s  o f  
human t e e t h  was d e t e r m i n e d  b y  a  m ethod  o f  n e u t r o n  a c t i v a t i o n  
a n a l y s i s .  The s a m p l e s ,  w e i g h i n g  a p p r o x i m a t e l y  100 mg. were
i r r a d i a t e d  i n  a  r e a c t o r  a t  a  t h e r m a l  n e u t r o n  f l u x  o f
1 ? ? 811 .2  x  10 n /cm  / s e c .  f o r  one h o u r  f o r  Se and f o r  one week
- 192 -
75f o r  Se The s e l e n i u m  a c t i v i t y  was m e a su re d  a f t e r  r a d i o ­
c h e m i c a l  s e p a r a t i o n .  The s a m p le s  a n a l y s e d  were  o b t a i n e d  
i n  M a n c h e s t e r  and i n  E d i n b u r g h .  The mean l e v e l  o f  s e l e n i u m  
f o u n d  i n  t h e  t e e t h  f rom  E d in b u r g h  was 0 . 8 3 0  ppm. and t h e  
r a n g e  0.213  -  1 . 9 6  ppm. I n  t h e  t e e t h  f rom  M a n c h e s t e r  t h e  
mean l e v e l  was 0 . 9 1 4  ppm. and  t h e  r a n g e  f ro m  0 .274  ppm. -  
2 . 0 8  ppm.
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MERCURY IN THE DEWPAT, STTttg-RPv
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MERCURY IN THE DENTAL SURGERY
S i n c e  t h e  i n t r o d u c t i o n  o f  s i l v e r  and c o p p e r  amalgams 
a t  t h e  b e g i n n i n g  o f  t h e  1 8 t h  c e n t u r y  t h e  p r e s e n c e  o f  m e r c u r y  
u s e d  i n  t h e i r  p r e p a r a t i o n  h a s  g i v e n  r i s e  t o  much d i s c u s s i o n  
r e g a r d i n g  i t s  p o s s i b l e  h a z a r d  t o  h e a l t h .  Each  y e a r  t h e  
number o f  amalgam f i l l i n g s  h a s  r i s e n  and i t  w o u ld  a p p e a r  
t h a t  t h i s  w i l l  c o n t i n u e .  W hile  d e n t a l  p e r s o n n e l  c o n t i n u e  
t o  work w i t h  and a r e  e x p o s e d  t o  m e r c u r y ,  i t  h a s  n o t  y e t  b e e n  
c l e a r l y  e s t a b l i s h e d  t h a t  m e r c u r y  i s  an o c c u p a t i o n a l  h a z a r d .  
R e p o r t s  by Grossman and  D an n en be rg  ( 1 9 4 9 ) ,  Dalhamn (1 9 5 5 )  
and  Frykho lm  (1 9 5 7 )  have  s u g g e s t e d  t h a t  t h e r e  i s  no s e r i o u s  
r i s k  t o  d e n t a l  p e r s o n n e l  f ro m  v o l a t i l i z e d  m e r c u r y  i n  t h e  
d e n t a l  s u r g e r y .  However, N ixon  and S m i th  (1 9 6 5 )  r e p o r t e d  
f ro m  a  s t u d y  on m e r c u r y  i n  d e n t a l  s u r g e r y  a s s i s t a n t s  t h a t  
m e r c u r y  m ust  be  c o n s i d e r e d  a s  a  h a z a r d  i n  t h e  d e n t a l  s u r g e r y  
and  t h a t  c a r e  must  be t a k e n  i n  i t s  h a n d l i n g ,  a  p o i n t  made 
p r e v i o u s l y  by  Knapp (1963)*  T h i s  d a n g e r  h a s  a g a i n  b e e n  
e m p h a s iz e d  i n  a  r e c e n t  p a p e r  by  Cook and  Y a te s  (1 9 6 9 )  i n  
w h ic h  t h e y  r e p o r t  a  c a s e  o f  f a t a l  m e r c u r y  i n t o x i c a t i o n  i n  
a  d e n t a l  s u r g e r y  a s s i s t a n t .
E a r l y  a s s e s s m e n t s  o f  t h e  m e rc u ry  h a z a r d s  h av e  b e e n  
b a s e d  m a i n l y  on t h e  d e t e r m i n a t i o n  o f  m e r c u r y  v a p o u r  c o n c e n ­
t r a t i o n s  i n  t h e  a i r  o f  d e n t a l  s u r g e r i e s .  Even w i t h  t h i s  
t y p e  o f  a s s e s s m e n t  some r e p o r t s  a r e  c o n f l i c t i n g .  The 
A m er ican  C o n f e r e n c e  o f  Government H y g e n i s t s  gave  t h e  
T h r e s h o l d  L i m i t  V a lue  (TLV) o f  m e r c u r y  a s  0 .1  mg/m^. 
V e s t e r b e r g  (1 9 4 6 )  r e p o r t s  c o n c e n t r a t i o n s  a s  h i g h  a s  0 . 2 0  
mg/m^ w h i l e  F ryk h o lm  (1 9 5 7 )  r e p o r t s  c o n c e n t r a t i o n s  a s  low
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a s  0 . 1 0  rng/m^.
I t  i s  n o t  g e n e r a l l y  r e a l i z e d  t h a t  m e rc u ry  v a p o u r i z e s  
r e a d i l y  a t  room t e m p e r a t u r e ,  t h e  e q u i v a l e n t  v a p o u r  p r e s s u r e  
b e i n g  a p p r o x i m a t e l y  10 gm/m^. The f a c t s  t h a t  t h e  v a p o u r  
e q u i l i b r i u m  a t  room t e m p e r a t u r e  i s  above t h e  recommended 
maximum a l l o w a b l e  c o n c e n t r a t i o n s  and t h a t  t h e  v a p o u r  p r e s s u r e  
d o u b l e s  i f  t h e  a m b ie n t  t e m p e r a t u r e  r i s e s  by  10 °0  c o n t r i ­
b u t e  t o  t h e  e a s e  w i t h  w h ic h  m e rc u ry  c a n  be  a b s o r b e d  by  
i n h a l a t i o n  ( B i d s t r u p ,  1 9 6 4 ) .
J o s e l a w  e t  a l .  (1 9 6 8 )  i n  a  s t u d y  s t a t e  t h a t  many o f  
t h e  p r e v i o u s  r e p o r t s  have  a  l i m i t e d  v a l u e  a s  t h e  i n s t r u m e n t s  
em ployed  were  c a p a b l e  o f  m e a s u r i n g  o n l y  t h e  v a p o u r  fo rm  o f  
m e r c u r y .  T hese  a u t h o r s  s t a t e  t h a t  a f i n e  p a r t i c u l a t e  
m e r c u r y  amalgam powder may r e m a i n  s u s p e n d e d  i n  t h e  a i r  o f  
t h e  s u r g e r y  and p r o d u c e  c o n s i d e r a b l y  more c o n t a m i n a t i o n  
t h a n  t h e  v a p o u r  a l o n e .  I n  t h e i r  i n v e s t i g a t i o n  t h e y  fo u n d  
t h a t  14 p e r  c e n t  o f  s u r g e r i e s  showed m e r c u r y  c o n c e n t r a t i o n s  
i n  e x c e s s  o f  wha t  i s  c o n s i d e r e d  good h y g i e n i c  p r a c t i c e .
W hile  t h i s  p e r c e n t a g e  i s  s m a l l ,  i t  d o e s  im p ly  t h a t  t h e r e  i s  
a  n e e d l e s s  e x p o s u r e  i n  t h e s e  c a s e s  a l t h o u g h  t h e  r e l a t i o n s h i p  
b e tw e e n  m e r c u r y  l e v e l s  and  m e r c u r y  i n t o x i c a t i o n  i s  n o t  
e s t a b l i s h e d .
M e rcu ry  L e v e l s  i n  Human T i s s u e
The m e r c u r y  l e v e l s  i n  human t i s s u e s  h av e  b e e n  d e t e r ­
m ined  b y  Howie and S m i th  (1 9 6 7 )*  some o f  w h ic h  a r e  shown 
i n  T a b le  1 .  T i s s u e s  s u c h  a s  s k i n ,  n a i l  and  h a i r  w h ic h  
a r e  e x p o s e d  t o  g e n e r a l  and  a t m o s p h e r i c  c o n t a m i n a t i o n  t e n d
- 197 -
t o  have  h i g h e r  v a l u e s .  Two t i s s u e s  w h ic h  have  a  h i g h e r  
v a l u e  t h a n  a v e r a g e  a r e  l u n g  and k i d n e y .
T a b le  1
M ercury  L e v e l s  i n  Human T i s s u e s  (ppm .)
T i s s u e Mean
B loo d 0 .09
Bone 0 . 4 5
H a i r  ( h e a d ) 5 . 5 2
H e a r t 1 . 7 6
K id n ey 9 .0 3
L i v e r 3 . 6 6
Lung 2 . 5 5
N a i l  ( f i n g e r ) 7 . 2 7
N a i l  ( t o e ) 2 . 4 0
T e e t h 3 . 2 2
A b s o r p t i o n  o f  M ercu ry
M e t a l l i c  m e r c u r y  i s  a b s o r b e d  i n t o  t h e  body  m a i n l y  by  
t h e  i n h a l a t i o n  o f  m e rc u ry  v a p o u r  i n t o  t h e  l u n g s .  S o l u b l e  
s a l t s  o f  m e r c u r y  may p a s s  v i a  t h e  d i g e s t i v e  t r a c t  i n t o  t h e  
c i r c u l a t i n g  s y s t e m .  M e rcu ry  c a n  a l s o  be a b s o r b e d  t h r o u g h  
t h e  s k i n .  P e r s p i r a t i o n  o f  t h e  s k i n  i n c r e a s e s  t h e  a b s o r p ­
t i o n  by  d i s p e r s i n g  m e r c u r y  o v e r  a w i d e r  a r e a  (L au g ,  Vos, 
Knuze and U m berge r ,  1 9 4 7 ) .
S o l lm a n n  (1 9 5 7 )  s t a t e s  t h a t  m e r c u r o u s  compounds and 
m e t a l l i c  m e r c u r y  a r e  o x i d i z e d  and t h a t  t h e  m e r c u r i c  s a l t s  
fo rm  s o l u b l e  compounds w i t h  t h e  p r o t e i n s ,  sod ium  c h l o r i d e  
and a l k a l i s  o f  t h e  b l o o d  and  t i s s u e  f l u i d s .  A b so rb ed  
m e r c u r y  l e a v e s  t h e  b l o o d  r a p i d l y  and i s  e x c r e t e d  m a i n l y  i n
t h e  u r i n e  and f a e c e s  h u t  a l s o  i n  b i l e ,  s w e a t ,  s a l i v a  and 
m i l k .
A l th o u g h  t h e  b i o l o g i c a l  e f f e c t s  o f  m e r c u r y  d e p en d  on 
t h e  fo rm  i n  w h ic h  i t  i s  a b s o r b e d  and on t h e  r a t e  o f  a b s o r p ­
t i o n ,  Hughes (19 5 7 )  p r e s e n t s  e v i d e n c e  t h a t  t h e  p r i n c i p a l  
r e a c t i o n  o f  a b s o r b e d  m e r c u r y ,  f rom  w h a t e v e r  s o u r c e ,  i s  w i t h  
t h i o l s  f o r m in g  m e r c u r y  m e r c a p t i d e  and  t h a t  v a r i a t i o n s  i n  
d i s t r i b u t i o n  and e f f e c t  a r e  d e p e n d e n t  upon t h i s  r e a c t i o n .
L i p o i d  s o l u b i l i t y  p l a y s  an i m p o r t a n t  p a r t ,  a l t h o u g h  
t h e  amount o f  m e r c u r y  p r e s e n t  a t  any  one s i t e  must  be  v e r y  
s m a l l  i n  p r e s e n c e  o f  e x c e s s  t h i o l .
The a c t i o n  o f  m e t a l l i c  m e r c u r y  i s  e x p l a i n e d  on H u gh es '  
e v i d e n c e  b y  i t s  l i p o i d  s o l u b i l i t y  w h ic h  p e r m i t s  u n i v e r s a l  
d i s t r i b u t i o n  f o l l o w e d  by  o x i d a t i o n  t o  r e a c t i v e  m e r c u r y  s a l t s .  
Hughes assum es  t h a t  m e t a l l i c  m e r c u r y  e x i s t s  t r a n s i e n t l y  a s  
t h e  m e t a l  d i s s o l v e d  i n  b l o o d  l i p o i d s  and  i n  t h i s  fo rm  i s  
t r a n s p o r t e d  t o  s e n s i t i v e  t i s s u e s  where  i t  i s  t h e n  o x i d i z e d  
t o  m e r c u r i c  s a l t s  and  f i x e d  i n  t h e  t i s s u e s .
The amount o f  m e r c u r y  w h ic h  c a n  be  a b s o r b e d  w i t h o u t  
g i v i n g  r i s e  t o  symptoms i s  n o t  known. I t  wou ld  a p p e a r  
f ro m  t h e  a v a i l a b l e  e v i d e n c e  t h a t  t h e r e  i s  i n d i v i d u a l  v a r i a ­
t i o n  and a l s o  t h a t  t h e  r a t e  o f  a b s o r p t i o n  p l a y s  an  i m p o r t a n t  
p a r t .
P o i s o n in g :  by  M ercu ry
M e rcu ry  p o i s o n i n g  may be  a c u t e  o r  c h r o n i c .  The 
a c u t e  t y p e ,  w h ic h  i s  r a r e l y  s e e n ,  u s u a l l y  r e s u l t s  f ro m  o r a l  
i n g e s t i o n .  M e rcu ry  p o i s o n i n g  o f  o c c u p a t i o n a l  o r i g i n  i s  
g e n e r a l l y  o f  a  c h r o n i c  t y p e  w h ic h  o c c u r s  a s  a  r e s u l t  o f
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a b s o r p t i o n  f rom  t h e  s k i n  o r  f rom  i n h a l a t i o n .
S i g n s  and  Symptoms
The c l a s s i c a l  s i g n s  and  symptoms o f  m e r c u r y  p o i s o n i n g  
a r e  g i n g i v i t i s  and s t o m a t i t i s  a cc o m p an ied  by  e x c e s s i v e  
s a l i v a t i o n  o r  m e t a l l i c  t a s t e .  T h ere  may a l s o  b e  e r e t h i s m  
and  t r e m o r .  The o n s e t  o f  symptoms i s  o f t e n  i n s i d i o u s  and 
a p a r t  f rom  t h e  t r e m o r  may be  i g n o r e d  by  t h e  p a t i e n t  o r  
a t t r i b u t e d  t o  o t h e r  c a u s e s .  E r e t h i s m ,  w h ic h  i s  a p a r ­
t i c u l a r  e m o t i o n a l  i n s t a b i l i t y ,  i s  c h a r a c t e r i z e d  by  
i r r i t a b i l i t y ,  e x c i t a b i l i t y  and  i r r a t i o n a l  o u t b u r s t s  o f  
t e m p e r .  T h e re  i s  so m e t im es  s h y n e s s  an d  d e p r e s s i o n .  
Symptoms s u c h  a s  t h e s e  a r e  som et im es  a t t r i b u t e d  t o  an 
a n x i e t y  s t a t e ,  i g n o r i n g  t h e  p o s s i b i l i t y  o f  m e r c u r y  p o i s o n ­
i n g .  H y p e r s e n s i t i v i t y  t o  m e rc u ry  f rom  amalgam f i l l i n g s  
i s  uncommon b u t  b y  no means r a r e .  T h i s  r e s p o n s e  o f t e n  
t a k e s  t h e  fo rm  o f  a  c u t a n e o u s  r e a c t i o n  w h ic h  may v a r y  f rom  
a  s l i g h t  e r y t h e m a  t o  a  s e v e r e  g e n e r a l i z e d  e r u p t i o n  and i s  
d i s c u s s e d  i n  a  r e p o r t  b y  F e r n s t r o m ,  F rykho lm  and  H u l d t  
( 1962).
M e rcu ry  f rom  Amalgam
F rykho lm  (1 9 5 7 )  Has s t a t e d  t h a t  m e r c u r y  v a p o u r  may 
be  g i v e n  o f f  f ro m  amalgam f ro m  t h e  t im e  i t  i s  i n s e r t e d  i n t o  
t h e  t o o t h  and u n t i l  i t  s e t s ,  i . e .  u n t i l  i t  i s  bound  i n t o  
t h e  s t a b l e  p h a s e  o f  amalgam. T h i s  e x p o s u r e  i s  o n l y  f o r  a  
s h o r t  p e r i o d  and i s  o f  t h e  o r d e r  o f  0 . 0 2  -  0 . 2 0  mg Hg/m^.
Once t h e  s e t t i n g  i s  c o m p l e t e  i t  h a s  b e e n  c o n s i d e r e d  
t h a t  m e r c u r y  may be a b s o r b e d  s y s t e m i c a l l y  f ro m  an  amalgam
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r e s t o r a t i o n  e i t h e r  v i a  d e n t i n e  and p u l p ,  by  s u r f a c e  s o l u t i o n  
i n  s a l i v a ,  o r  by  a c c i d e n t a l  i n g e s t i o n  (F ry k h o lm  and O deb lad
1 9 5 5 ) .
A b s o r p t i o n  f rom  D e n t in e
E a r l y  a u t h o r s  s u c h  a s  W i t z e l  (1 8 9 9 )  s t a t e d  t h a t  
d a r k e n i n g  o f  t h e  d e n t i n e  b e n e a t h  amalgam f i l l i n g s  was due 
t o  p r e c i p i t a t i o n  o f  s u l p h i d e s  c a u s e d  by  d i f f u s i o n  o f  
m e r c u r y  o r  o t h e r  m e t a l s  p r e s e n t  i n  t h e  amalgams.  L a t e r  
work by  Timms (1 9 2 4 )  gave  s u p p o r t  t o  t h i s  v i e w .  Appelbaum 
(1 9 2 9 )  r e p o r t e d  t h a t  s e c t i o n s  u n d e r  amalgam r e s t o r a t i o n s  
showed a p r e c i p i t a t e  o f  m e t a l l i c  s u l p h i d e  w h ic h  he  b e l i e v e d  
t o  be  m e r c u r y  s u l p h i d e .  I n  d i s c o l o u r e d  d e n t i n e  M a s s l e r  
and  B a r b e r  (1 9 5 5 )  fo u n d  m e r c u r y  by  s p e c t r o g r a p h i c  a n a l y s i s  
i n  c o n c e n t r a t i o n s  o f  0 . 5  -  5 p e r  c e n t .  I n  a p p a r e n t l y  n o rm a l  
d e n t i n e  r e m o te  f rom  t h e  d i s c o l o u r e d  a r e a  s m a l l e r  amounts  o f  
m e r c u r y  were  f o u n d .
The p e n e t r a t i o n  o f  m e r c u r y  i n t o  d e n t i n e  h a s  b e e n  
i n v e s t i g a t e d  i n  v i t r o  b y  Nixon  (1 9 5 9 )  u s i n g  r a d i o a c t i v e  
m e r c u r y .  The r e s u l t s  o f  a n a l y s i s  o f  d e n t i n e  showed t h a t ,  
a f t e r  a  p e r i o d  o f  40  d a y s ,  t h i s  e l e m e n t  was n o t  f o u n d  i n  
d e n t i n e  b e y o n d  a  d i s t a n c e  o f  1 mm. f rom  t h e  o r i g i n a l  c a v i t y  
m a r g i n s .  The c o n c e n t r a t i o n  o f  m e rc u ry  was g r e a t e s t ,  a s  
would  be  e x p e c t e d ,  i n  t h e  d e n t i n e  w h ic h  was i n  im m e d ia te  
c o n t a c t  w i t h  t h e  f i l l i n g ,  a n d  a s  t h e  d i s t a n c e  f ro m  t h e  
o r i g i n a l  c a v i t y  m a r g i n s  i n c r e a s e d  t h e  amounts  o f  m e r c u r y  
f o u n d  i n  d e n t i n e  d i m i n i s h e d .
As t h e  q u a n t i t y  o f  m e r c u r y  f o u n d  was so  s m a l l  i t  was 
c o n c l u d e d  i n  t h i s  s t u d y  t h a t  s y s t e m i c  a b s o r p t i o n  f ro m  t h e
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t o o t h  p u l p  v i a  t h e  d e n t i n a l  was u n l i k e l y  t o  o c c u r .
M i g r a t i o n  o f  M ercury  I o n s  f ro m  Amalgam
a )  T e e t h .
The l e v e l s  o f  m e r c u r y  i n  enam el  o f  human t e e t h  have  
b e e n  m e a s u re d  by  N ix o n ,  P a x t o n  and S m i th  ( 1 9 6 5 ) .  I n  
u n e r u p t e d  t e e t h  t h e  m e r c u r y  c o n t e n t  was l e s s  t h a n  0 . 1  ppm.
I n  so un d  e r u p t e d  t e e t h  t h e  mean m e r c u r y  c o n t e n t  was 2 .6 1  
ppm. I n  e r u p t e d  t e e t h  where  t h e  enam el  was i n  im m e d ia te  
c o n t a c t  o r  i n  c l o s e  p r o x i m i t y  t o  s i l v e r  amalgam t h e  
m e r c u r y  c o n t e n t  r a n g e d  f ro m  279 -  1600 ppm.
The h i g h e r  m e rc u ry  c o n t e n t  o f  t h e  enam el  o f  e r u p t e d  
t e e t h  c a n  be  a t t r i b u t e d  t o  m e r c u r y  e i t h e r  f rom  m e rc u ry  
v a p o u r  d u r i n g  t h e  s e t t i n g  p h a s e  o f  amalgam o r  b y  m i g r a t i o n  
o f  m e r c u r y  i o n s  f ro m  e x i s t i n g  amalgam f i l l i n g s .
S y s t e m ic  a b s o r p t i o n  o f  m e r c u r y  f rom  amalgam r e s t o r a ­
t i o n s  h a s  a l s o  b e e n  c o n s i d e r e d  a s  a  p o s s i b l e  s o u r c e  o f  
i n c r e a s e d  m e r c u r y  c o n t a m i n a t i o n  i n  t h e  t i s s u e s .  P o s t -  
m o r t e n  m a t e r i a l  t a k e n  f ro m  t h e  l i v e r ,  k i d n e y  and m u sc le  
t i s s u e  o f  c a d a v e r s  w i t h  amalgam f i l l i n g s  p r e s e n t  i n  t h e  
m outh  i n d i c a t e d  t h a t  i n  none o f  t h e s e  was t h e  m e r c u r y  
c o n c e n t r a t i o n  h i g h e r  t h a n  t h a t  g i v e n  f o r  n o rm a l  l i m i t s .
The r e s u l t s  o f  a n a l y s i s  i n  t h e  c a s e  o f  a  5 0 - y e a r - o l d  
woman w i t h  t e n  amalgam r e s t o r a t i o n s  p r e s e n t  i s  g i v e n  i n  
T a b l e  2 .
b )  G i n g i c a l  T i s s u e s .
The m i g r a t i o n  o f  m e r c u r y  i o n s  f ro m  amalgam r e s t o r a t i o n s  
i n t o  t h e  g i n g i v a l  t i s s u e s  h a s  a l s o  b e e n  i n v e s t i g a t e d  by  t h e
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T a b l e  2
The r e s u l t s  o f  a n a l y s i s  in- t h e  c a s e  o f  a  5 0 - y e a ^ - o l d  woman 
w i t h  t e n  amalgam r e s t o r a t i o n s  p r e s e n t .
T i s s u e M ercu ry  (ppm)
Muscle 1 4 .2
K id n ey 1 2 . 3
L i v e r 1 .2 1
a u t h o r .  The r e s u l t s  o f  t h i s  s t u d y  showed t h a t  t h e  m e r c u r y  
c o n t e n t  o f  t h e  s u b g i n g i v a l  t i s s u e s  r a n g e d  f ro m  0 . 3 6  ppm. -  
4 . 4  ppm. i n  t i s s u e s  n o t  i n  d i r e c t  c o n t a c t  w i t h  amalgam 
r e s t o r a t i o n s .  I n  i n t e r p r o x i m a l  t i s s u e s  i n  d i r e c t  c o n t a c t  
w i t h  amalgam r e s t o r a t i o n s  t h e  c o n c e n t r a t i o n  o f  m e rc u ry  
r a n g e d  f rom  29 ppm. -  189 ppm.
M e rcu ry  i n  U r i n e
The s i g n i f i c a n c e  o f  m e r c u r y  i n  t h e  u r i n e  h a s  b e e n  
i n v e s t i g a t e d .  S t o r l a z z i  and  E l k i n s  (194-1) r e p o r t  on u r i n e  
sa m p le s  c o l l e c t e d  a t  v a r i o u s  t i m e s  a f t e r  t h e  i n s e r t i o n  o f  
amalgam f i l l i n g s .  T h ese  o b s e r v e r s  n o t e d  i n c r e a s e d  u r i n a r y  
m e r c u r y  e x c r e t i o n  a t  t h e  t im e  o f  and a b o u t  a  week a f t e r  
t h e i r  i n s e r t i o n .  They d o u b t e d  t h a t  t h e  amount o f  m e r c u r y  
a b s o r b e d  c o u l d  c a u s e  m e r c u r i a l i s m .  A f u r t h e r  s t u d y  b y  
Hoover  and G-oldwater  (1 9 6 6 )  c o n f i r m e d  t h a t  e x i s t i n g  d e n t a l  
amalgams do n o t  a p p e a r  t o  b e  an i m p o r t a n t  s o u r c e  o f  m e r c u r y  
a b s o r p t i o n  and e x c r e t i o n ;  e v en  when f r e s h l y  p r e p a r e d  
amalgams a r e  sw a l lo w e d  t h e r e  i s  no s i g n f i c a n t  r i s e  i n  
m e r c u r y  i n  u r i n e .  However ,  L i v i n g s t o n  (1 9 6 6 )  showed a
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s l i g h t  i n c r e a s e  on t h e  s e c o n d  d a y .
H a n d l i n g  o f  M ercu ry
Most d e n t a l  p e r s o n n e l  a r e  c a r e l e s s  i n  h a n d l i n g  t h i s  
m a t e r i a l  d u r i n g  d i s p e n s i n g  o f  m e r c u r y  and  i n  t h e  p r e p a r a ­
t i o n  o f  amalgam. As m e r c u r y  i s  a  h e a v y  m e t a l  and  o f  low 
v i s c o s i t y ,  i t  i s  a lm o s t  i m p o s s i b l e  t o  p o u r  w i t h o u t  s p l a s h i n g  
o r  s p i l l i n g .  The s i z e  o f  t h e  d r o p l e t s  r e s u l t i n g  f rom  
s p i l l s  v a r i e s  f ro m  l a r g e  t o  m i c r o s c o p i c ,  b u t  t h e  d r o p l e t s  
a r e  m o s t l y  d i f f i c u l t  t o  s e e  w i t h  t h e  n a k e d  e y e .  Most 
s u r f a c e s  a r e  n o t  w e t t e d  by  m e r c u r y  so t h a t  t h e  d r o p s  t e n d  
t o  r o l l  away and e n t e r  s m a l l  h o l e s  and c r a c k s  s u b s e q u e n t l y  
c o n t r i b u t i n g  m e r c u r y  c o n t e n t  o f  t h e  a i r  ’’f ro m  a lm o s t  
i m p r e g n a b l e  p o s i t i o n s '  B iram  (1937)*  An e x a m i n a t i o n  by  
N i c h o l s o n ,  S t a r k  and  S o e l b e r g  (1 96 8 )  o f  c a p s u l e s  u s e d  i n  
t h e  m e c h a n i c a l  p r e p a r a t i o n  o f  amalgam showed t h a t  c o n t a m i n a ­
t i o n  o f  t h e  o p e r a t i n g  a r e a  b y  m e rc u ry  was a l m o s t  u n a v o i d a b l e .  
Where d i s p o s a b l e  c a p s u l e s  were  u s e d  t h i s  was r e d u c e d  by  
25 p e r  c e n t .  T h is  p o i n t  o f  l e a k a g e  o f  m e rc u ry  f rom  
c a p s u l e s  h a s  a l s o  b e e n  s t r e s s e d  by  J o r g e n s e n  (1970)*
F u r t h e r  c o n t a m i n a t i o n  o f  w o r k in g  a r e a s  o c c u r s  a f t e r  
t r i t u r a t i o n  d u r i n g  t h e  s t a g e  o f  e x p r e s s i n g  e x c e s s  m e r c u r y  
f ro m  amalgam. I t  i s  a t  t h i s  p o i n t  t h a t  some o f  t h e  g r e a t e s t  
s p i l l a g e  t a k e s  p l a c e .  I n  p r a c t i c e ,  a f t e r  e x p r e s s i n g  t h e  
m e r c u r y  t h i s  i s  s h a k e n  i n t o  t h e  p e s t l e  o r  a  box  o r  i n  many 
c a s e s  on t o  t h e  w o r k in g  s u r f a c e .  From t h e r e  i t  i s  g e n e r a l l y  
sw ep t  on t o  t h e  f l o o r  w h e r e ,  a s  s t a t e d  a b o v e ,  i t  becomes a  
s o u r c e  o f  m e r c u r y  v a p o u r .  T h i s  was o b s e r v e d  i n  t h e  c a s e  o f  
m e r c u r y  p o i s o n i n g  q u o t e d  b y  N ix on  and  S m i t h  (1 9 6 5 )  where
-  204  -
a p p r o x i m a t e l y  3 m l.  o f  m e r c u r y  was fo u n d  on t h e  f l o o r  
b e s i d e  a c o n v e c t o r  h e a t e r .
P r e c a u t i o n s  when H a n d l in g  M ercu ry
Amalgam s h o u l d  n o t  be  m u l l e d  i n  t h e  h and  and when 
e x c e s s  m e r c u r y  i s  rem oved  by  means o f  a  s q u e e z e - c l o t h  t h e  
m e r c u r y  s h o u l d  n o t  come i n  c o n t a c t  w i t h  t h e  h a n d s .  I f  
i t  i s  a l l o w e d  t o  do so  f r e e  m e rc u ry  comes i n  c o n t a c t  w i t h  
t h e  s k i n  and e x c e s s  c o l l e c t s  u n d e r  t h e  f i n g e r - n a i l s .
E x c e s s  m e rc u ry  f ro m  t h e  amalgam s h o u l d  be  d i s p o s e d  o f  
c a r e f u l l y  and even  when s h a k e n  i n t o  a  l a r g e  c o n t a i n e r  c a r e  
s h o u l d  be  t a k e n  t o  a v o i d  s p i l l a g e .  When m e rc u ry  i s  s p i l l e d
i t  s h o u l d  be  sw ep t  up i m m e d i a t e l y .  E x c e s s  m e r c u r y  s h o u l d
be  k e p t  u n d e r  w a t e r  o r  i n  a  s e a l e d  c o n t a i n e r  away f ro m  h e a t .  
Waste  amalgam s h o u l d  a l s o  be p l a c e d  i n  a s e a l e d  c o n t a i n e r .
M ercu ry  c o n t a m i n a t e d  s q u e e z e - c l o t h s  s h o u l d  n o t  be 
l e f t  l y i n g  a b o u t  and  s h o u l d  a l s o  be  p l a c e d  i n  s e a l e d  c o n ­
t a i n e r s .  Smooth f l o o r s  and  w o r k in g  s u r f a c e s  h e l p  t o  
r e d u c e  t h o s e  s i t u a t i o n s  i n  w h ich  m e r c u r y  c a n  a c c u m u l a t e .  
Vacuum c l e a n e r s  m us t  n o t  be  u s e d  t o  c l e a n  up s p i l l e d  
m e r c u r y  a s  t h i s  i n c r e a s e s  t h e  a t m o s p h e r i c  c o n c e n t r a t i o n  o f  
m e r c u r y  v a p o u r .
The u s e  o f  e n c a p s u l e d  m a t e r i a l s  w i t h  p r e d e t e r m i n e d  
am ounts  o f  m e r c u r y  w i l l  h e l p  t o  r e d u c e  t h e  p o s s i b i l i t y  o f  
m e r c u r y  s p i l l a g e .  A d e q u a te  v e n t i l a t i o n  m ust  be  p r e s e n t  
i n  t h e  s u r g e r i e s  t o  h e l p  r e d u c e  m e r c u r y  v a p o u r  l e v e l s .
M e rcu ry  i s  a p o t e n t i a l  h a z a r d  t o  h e a l t h  i n  t h e  d e n t a l  
s u r g e r y  and s h o u l d  be t r e a t e d  a s  s u c h .  R e a s o n a b l e  p r e ­
c a u t i o n s  d u r i n g  h a n d l i n g  and d i s p o s a l  c a n  do much t o
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r e d u c e  t h i s  h a z a r d .
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HISTOLOGICAL EXAMINATION OP T.D. 71 ( I )
The p u r p o s e  o f  t h i s  s t u d y  was t o  e v a l u a t e  t h e  p u l p a l  
r e a c t i o n  o f  t h e  f i l l i n g  m a t e r i a l  T.D. 71 .
The s t u d y  was d i v i d e d  i n t o  two p a r t s :
A) A s h o r t - t e r m  s t u d y  o f  4  d ay s  b e tw e e n  t h e  i n s e r t i o n  o f
t h e  f i l l i n g  m a t e r i a l  and  t h e  s a c r i f i c e  o f  t h e  dog t o
e v a l u a t e  t h e  im m e d ia te  r e s p o n s e .
B) A l o n g e r  t e r m  s t u d y  o f  45  d a y s  t o  exam ine  t h e  l o n g e r  
t e r m  r e s p o n s e .
S e l e c t i o n  o f  Dogs
P u r e - b r e d  B e a g le  dogs  were  u s e d  t h r o u g h o u t .  These  
d ogs  were  b r e d  and m a i n t a i n e d  u n d e r  s t r i c t l y  c o n t r o l l e d  
c o n d i t i o n s  and  o n l y  t h o s e  dogs  w h ic h  were  c o n s i d e r e d . b y  t h e  
v e t e r i n a r y  o f f i c e r  t o  be  h e a l t h y  were  em p loy ed .  The d ogs  
s e l e c t e d  were  a l l  b e tw e e n  t h e  a g e s  o f  5 m onths  -  9 m on ths  
t o  a v o i d  p u l p a l  c h a n g e s  w h ic h  a r e  o f t e n  f o u n d  i n  o l d e r  d o g s .  
I t  was c o n s i d e r e d  i m p o r t a n t  t h a t  t h e  c o n d i t i o n  o f  t h e  t e e t h  
s h o u l d  be  s i m i l a r  a s  p o s s i b l e  and  a l l  t e e t h  were  ex am in ed  
b e f o r e  p r e p a r a t i o n  f o r  h a r d  t i s s u e  d e f e c t s .  W hereve r  p o s s ­
i b l e  l i t t e r  m a te s  w ere  u s e d  t o  a l l o w  b e t t e r  c o m p a r i s o n .
P r e p a r a t i o n  o f  C a v i t i e s
C a v i t i e s  were  p r e p a r e d  a c c o r d i n g  t o  a  s t a n d a r d i s e d  
t e c h n i q u e  on  t h e  l a b i a l  s u r f a c e s  o f  t h e  t e e t h .  A l l  c a v i t i e s  
were  p r e p a r e d  u n d e r  i n t r a v e n o u s  a n a e s t h e s i a .  A r o u n d  b u r  
was u s e d  t o  p e n e t r a t e  t h e  enam el  and t h e  c a v i t y  o u t l i n e
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c o m p l e t e d  w i t h  a  f i s s u r e  b u r .  A new b u r  was u s e d  f o r  e a c h  
c a v i t y  w h ich  was c u t  u n d e r  a  c o n t i n u o u s  f l o w  o f  w a t e r .
The c u t t i n g  s p e e d  was 2 , 0 0 0  rpm. The d e p t h  o f  t h e  c a v i t y  
was v a r i e d  t o  a l l o w  a s s e s s m e n t  a t  d i f f e r i n g  d e p t h s  a s  was 
t h e  p o s i t i o n  o f  t h e  c a v i t y  on t h e  t o o t h  s u r f a c e .  I n  some 
o f  t h e  young  dogs  t h e  p u l p s  were  e x p o s e d  i n a d v e r t e n t l y  due 
t o  t h e  s m a l l  t h i c k n e s s  o f  d e n t i n e .  I n  e v e r y  dog Z inc  
Oxide  E u g e n o l  cem en t  was i n s e r t e d  i n  a d d i t i o n  t o  T .D .  71 
t o  d e t e r m i n e  t h e  l o c a l  r e s p o n s e .  A f t e r  p r e p a r a t i o n  t h e  
c a v i t i e s  were  d r i e d  w i t h  a  p l e d g e t  o f  c o t t o n  t o  a v o i d  
d e s i c c a t i o n  o f  t h e  d e n t i n e .
E x t r a c t i o n  o f  T e e t h  and  P r e p a r a t i o n  o f  S e c t i o n s
I m m e d i a t e l y  a f t e r  d e a t h  t h e  t e e t h  were  rem oved  f ro m  
t h e  jaw s  b y  m aking  a  f!Vn sh a p e d  c u t  i n t o  t h e  b a s a l  bone  and 
im m ersed  i n t o  f o r m a l i n  s o l u t i o n .  By d o i n g  so a  l a r g e  a r e a  
o f  t h e  p u l p a l  t i s s u e  was e x p o s e d  w h ic h  a l l o w e d  r a p i d  f i x i n g .  
S e c t i o n s  w ere  p r e p a r e d  b y  s t a n d a r d  h i s t o l o g i c a l  t e c h n i q u e s  
and  s t a i n e d  w i t h  h a e m o t o x y l i n  and  e o s i n .
H i s t o l o g i c a l  E v a l u a t i o n
The i n f l a m m a t o r y  r e s p o n s e s  were  g r a d u a t e d  a c c o r d i n g  
t o  t h a t  s u g g e s t e d  b y  Baume and  E io re -D o n n o  ( 1 9 6 8 )  w h ic h  w e r e :
( a )  S l i g h t  r e s p o n s e  -  I n d i c a t e d  by a  r e d u c t i o n  o r  
t h i n n i n g  o f  t h e  o d o n t o b l a s t  l a y e r  and i n c l u d e d  t h e  f i r s t  
s i g n s  o f  i n f l a m m a t i o n  a s  shown b y  h a e m o r r h a g e s  and  c i r c u ­
l a t o r y  s t a s i s  i n  t h e  s u b - o d o n t o b l a s t  r e g i o n  r e l a t e d  t o  t h e  
f l o o r  o f  t h e  c a v i t y .
( b )  M o d e ra te  r e s p o n s e  -  R e d u c t i o n  o f  o d o n t o b l a s t
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l a y e r  to  one i r r e g u l a r  l a y e r  a s s o c i a t e d  w i t h  c o n s p i c u o u s  
s i g n s  o f  i n f l a m m a t i o n  w h ic h  i n v o l v e d  l o c a l i s e d  h y p e r a e m i a  o r  
h a e m o r rh a g e  w i t h  p r e s e n c e  o f  a c u t e  o r  c h r o n i c  c e l l s  d e p e n d ­
i n g  on i n t e r v a l .
( c )  S e v e r e  r e s p o n s e  -  Com ple te  d i s i n t e g r a t i o n  o f  
o d o n t o b l a s t s .  A r r e s t  o f  d e n t i n e  f o r m a t i o n  -  a c u t e  o r  
c h r o n i c  p u l p i t i s  w i t h  p r e s e n c e  o f  m i c r o a b s c e s s e s .
C o n t r o l  T e e t h
The m a j o r i t y  o f  u n t r e a t e d  t e e t h  u s e d  a s  a  c o n t r o l  
showed n o rm a l  p u l p a l  t i s s u e  ( P i g .  1 ) .  I t  would  a p p e a r  f rom  
t h e  e x a m i n a t i o n  o f  many u n t r e a t e d  d o g s '  t e e t h  t h a t  p u l p a l  
c h a n g e s  a r e  l i a b l e  t o  b e  p r e s e n t .  C a r e ,  t h e r e f o r e ,  i s  
n e c e s s a r y  i n  i n t e r p r e t i n g  t h e  a p p e a r a n c e  o f  t h e  h i s t o l o g i c a l  
a p p e a r a n c e  o f  t h e  p u l p a l  t i s s u e .  T h e re  o f t e n  a p p e a r s  an 
i n c r e a s e d  v a s c u l a r i t y  o f  t h i s  t i s s u e  w h ic h  i s  d i f f i c u l t  t o  
d i f f e r e n t i a t e  f rom  t h e  c o n d i t i o n  o f  h y p e r a e m i a  i n  t h e  human 
p u l p .  T h e re  a r e  a l s o  p r e s e n t  e x t r a v a s a t e d  e r y t h r o c y t e s ,  a  
f i b r i n - l i k e  s u b s t a n c e  and r e t i c u l a t i o n  a s  w e l l  a s  lympho­
c y t e s  and  p l a s m a  c e l l s  i n  a r e a s  o f  t h e  p u l p  n o t  a s s o c i a t e d  
w i t h  a  c a v i t y .
A) 4 - Day S tu d y
P o u r  d o g s  whose a g e s  r a n g e d  f rom  6 - 7 1  m onths  were  
u s e d  i n  t h i s  s t u d y .  I n  e a c h  dog c a v i t i e s  w ere  p r e p a r e d  
i n  t h r e e  o f  t h e  c a n i n e  t e e t h  and i n  t h e  t h i r d  m a x i l l a r y  
i n c i s o r  ( i n  t h e  t a b l e s  t h i s  t o o t h  h a s  b e e n  d e s i g n a t e d  12 
t o  a v o i d  c o n f u s i o n  w i t h  t h e  c a n i n e  13•
24 t e e t h  were  u s e d  f o r  t h i s  s t u d y  and  32 c a v i t i e s
F ig .  1 C ontro l -  normal p u lp .
F ig .  2 Va.cuolisati.on of od o n to b las t  l a y e r .
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p r e p a r e d .
P r e p a r a t i o n  and  I n s e r t i o n  o f  M a t e r i a l
The m a t e r i a l  was i n s e r t e d  i m m e d i a t e l y  a f t e r  m ix in g  
a c c o r d i n g  t o  t h e  i n s t r u c t i o n s  o f  t h e  m a n u f a c t u r e r .  No 
v a r i a t i o n  o f  t h e  m ix in g  t e c h n i q u e  was u s e d .  I m m e d i a t e l y  
a f t e r  i n s e r t i o n  t h e  m a t e r i a l  was h e l d  i n  p o s i t i o n  w i t h  a 
c e l l u l o i d  m a t r i x  s t r i p  u n t i l  t h e  r e q u i r e d  t i m e .  The 
e x c e s s  m a t e r i a l  was a l l o w e d  t o  r e m a i n  on t h e  c a v i t y  and no 
a t t e m p t  was made t o  p o l i s h  t h e  f i l l i n g s .  The s u p i n e  
p o s i t i o n  o f  t h e  dogs  and  t h e  a c c e s s i b i l i t y  o f  t h e  c a v i t i e s  
a l l o w e d  t h e  a p p l i c a t i o n  o f  a  m a t r i x  p r e s s u r e  s i m i l a r  t o  
t h a t  i n  n o rm al  c l i n i c a l  u s e .
None o f  t h e  c a v i t i e s  was l i n e d  p r i o r  t o  i n s e r t i o n  
o f  t h e  m a t e r i a l .
R e s u l t s  -  H i s t o l o g i c a l  E v a l u a t i o n
The r e s u l t s  o f  t h e  h i s t o l o g i c a l  e x a m i n a t i o n  a r e  shown 
i n  T a b l e s  1 and  2 and su m m ar ized  i n  T a b le  2 ( a ) .  I n  t h i s  
s t u d y  t h e  d i s t a n c e  o f  t h e  f l o o r  o f  t h e  c a v i t y  f ro m  t h e  p u l p  
m e a s u r e d  f rom  z e r o  t o  1 . 0 0  mm. The e a r l y  r e s p o n s e  o f  t h e  
p u l p  t o  b o t h  c a v i t y  p r e p a r a t i o n  and i n s e r t i o n  o f  e i t h e r  
Z in c  Oxide E u g en o l  o r  T .D. 71 i s  a  v a c u o l i z a t i o n  o f  t h e  
o d o n t o b l a s t s  ( P i g .  2 ) .  T h i s  was f r e q u e n t l y  a s s o c i a t e d  w i t h  
a  r e d u c t i o n  i n  t h e  number o f  o d o n t o b l a s t s  w h ic h  c o r r e s p o n d e d  
t o  t h e  t u b u l e s  i n v o l v e d  i n  c a v i t y  p r e p a r a t i o n .  When t h i s  
r e a c t i o n  was more s e v e r e  t h e r e  was h a e m o r rh a g e  i n t o  t h e  
o d o n t o b l a s t  l a y e r  ( P i g .  3 ) .  I n  t h e s e  c a s e s  t h e  r e a c t i o n  
was m a i n l y  l o c a l  and  was c o n f i n e d  t o  t h e  a r e a  o f  t h e  p u l p
L f
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F ig .  3 Haemorrhage in  o don tob las t  l a y e r .
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T able 2a
H i s t o l o g i c a l  F i n d i n g s  -  Group 1 - 4  Days
Dog AgeMonths T o o th
R e s i d u a l  
D i s t a n c e P u lp  R e a c t i o n
729 n 43 00 M o d e ra te
13 .9 6 M odera te
12 .4 3 S l i g h t
22 .3 6 S e c t i o n  o f  l i t t l e  v a l u e
23 Exp. S e v e r e
730 6 43 • 72 S l i g h t
13
oo
• D e g e n e r a t i v e  c h an g e  i n  p u l p
12 .2 0 M o dera te
22
00• M o d era te
23 .8 0 S l i g h t
731 7 i 43 .8 0 S l i g h t
13 .8 4 S l i g h t
12 .6 0 S l i g h t
22
oo• P o o r  s e c t i o n
23 .7 2 S l i g h t
732 6 43 .8 0 S l i g h t
13 .4 8 M o d era te
12 .0 5 S e v e r e
22 E x p . S e v e r e
23 .4 0 S l i g h t
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i n v o l v e d  i n  c a v i t y  p r e p a r a t i o n .  I n  t h e s e  c a s e s  t h e  r e a c t i o n  
was d e s i g n a t e d  a s  " s l i g h t " .  I t  was e v i d e n t  a l s o  t h a t  t h e  
e f f e c t i v e  d e p t h  o f  d e n t i n e ,  i . e .  t h e  t h i c k n e s s  o f  d e n t i n e  
b e tw e e n  t h e  f l o o r  o f  t h e  c a v i t y  and  t h e  p u l p  p l a y e d  an  
i m p o r t a n t  p a r t  i n  t h e  p u l p a l  r e a c t i o n .  I n  g e n e r a l  t h e  
g r e a t e r  t h i s  d i s t a n c e  t h e  l e s s  p u l p a l  r e s p o n s e .  A t h i c k ­
n e s s  o f  d e n t i n e  o f  0 . 9  mm. a p p e a r e d  t o  be  e f f e c t i v e .  T h ere  
were  however  i n s t a n c e s  where  d i s t a n c e s  o f  l e s s  t h a n  t h i s  
showed a  s l i g h t  r e s p o n s e  ( S e c t i o n  Ho. 3 ,  T a b le  1 ) .  N e v e r ­
t h e l e s s  an o v e r a l l  p i c t u r e  o f  a  g e n e r a l i s e d  h y p e r a e m i a  was 
e v i d e n t  i n  a  number o f  s e c t i o n s  i n  t h i s  s t u d y  b u t  a s  s t a t e d  
p r e v i o u s l y  t h i s  o v e r a l l  i n c r e a s e d  v a s c u l a r i z a t i o n  was 
p r e s e n t  i n  s e v e r a l  c o n t r o l  t e e t h .
A s e v e r e  r e a c t i o n  o f  p u l p  t i s s u e  was d e m o n s t r a t e d  
where  t h e r e  was an  e x p o s u r e  i n t o  t h e  p u l p  o r  t h e  e f f e c t i v e  
t h i c k n e s s  o f  d e n t i n e  was so t h i n  ( 0 .0 5  mm.) a s  t o  p r o v i d e  
l i t t l e  p r o t e c t i o n .
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HISTOLOGICAL EXAMINATION OF T .D. 71 ( I I )
B) 45-Day S tu d y
F i v e  dogs  whose a g e s  r a n g e d  f rom  5 m onths  -  9 m onths  
were  em ployed  an d  t h e  c a v i t i e s  p r e p a r e d  a s  b d f o r e .
30 t e e t h  w ere  u s e d  f o r  t h i s  s t u d y  and 40 c a v i t i e s  
p r e p a r e d .
P r e p a r a t i o n  and I n s e r t i o n  o f  M a t e r i a l
The m a t e r i a l  was a g a i n  p r e p a r e d  a c c o r d i n g  t o  t h e  
m a n u f a c t u r e r s  i n s t r u c t i o n s  h u t  i n  t h i s  s t u d y  t h e  f i r s t  p a r t  
o f  e a c h  mix was p l a c e d  i n  t h e  t h i r d  m a x i l l a r y  i n c i s o r ;  t h e  
s e c o n d  p a r t  i n  t h e  m a x i l l a r y  c a n i n e  and t h e  t h i r d  p a r t  i n
t h e  m a n d i b u l a r  c a n i n e .  T h i s  t e c h n i q u e  was em ployed  w i t h
e a c h  dog t o  d e t e r m i n e  i f  v a r i a t i o n s  i n  p u l p a l  r e s p o n s e  
o c c u r r e d  w i t h  a l t e r a t i o n s  o f  t h e  t im e  o f  i n s e r t i o n  o f  
T .D .  71 a f t e r  m i x i n g .  Z inc  Oxide  E u g e n o l  was a g a i n  employed  
a s  a  c o n t r o l  f i l l i n g .
R e s u l t s  -  H i s t o l o g i c a l  E v a l u a t i o n
The r e s u l t s  w ere  e v a l u a t e d  a s  b e f o r e  u s i n g  s i m i l a r  
c r i t e r i a  and  t h e s e  a r e  d e t a i l e d  i n  T a b l e s  3? 4  and 5« I n  
t h e  m a j o r i t y  o f  f i l l e d  t e e t h ,  t h e  r e s p o n s e  o f  t h e  p u l p  was 
f a v o u r a b l e  a f t e r  45 d a y s  and i n  none o f  t h e  s e c t i o n s  was
s e v e r e  damage o b s e r v e d .  I n  m ost  c a s e s  t h e r e  was r e d u c t i o n
o f  t h e  o d o n t o b l a s t  l a y e r ,  and  i n  one c a s e  a s p i r a t i o n  o f  t h e  
o d o n t o b l a s t  c o u l d  c l e a r l y  be  d e m o n s t r a t e d .  The f a v o u r a b l e  
r e s p o n s e  o f  t h e  p u l p  c o u l d  be  shown by  t h e  c o n s i s t e n t  
d e p o s i t i o n  o f  s e c o n d a r y  d e n t i n e .  T h i s  s e c o n d a r y  d e n t i n e
-  217  -
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was a  common f e a t u r e  and  e v i d e n c e  o f  i r r e g u l a r  g ro w th  
c o u l d  he  s e e n  ( F i g .  4 ) .  C a v i t i e s  w i t h  z i n c  o x id e  a l s o  
showed s e c o n d a r y  d e n t i n e  s i m i l a r  t o  t h a t  o f  T .D. 71 .  I n  
some o f  t h e  t e e t h  a  m i l d  d e g r e e  o f  h y p e r a e m i a  was demon­
s t r a b l e .  A c a l c i o - t r a u m a t i c  l i n e  was d e m o n s t r a t e d  i n  some 
s e c t i o n s  i n d i c a t i v e  o f  damage t o  o d o n t o b l a s t s  ( F i g .  5 ) .
The t h i c k n e s s  o f  d e n t i n e  b e tw e e n  t h e  f l o o r  o f  t h e  c a v i t y  and 
t h e  p u l p  i n  t h i s  s t u d y  r a n g e d  f rom  0 . 3 6  t o  1 . 9  mm.
C o n c l u s i o n s
A f t e r  43 d a y s  t h e  T .D. 71 r e s t o r a t i o n s  e x h i b i t e d  a  
f a i r l y  sm ooth  i n t a c t  s u r f a c e  w i t h  good a e s t h e t i c  a p p e a r a n c e .  
The m a r g i n a l  a d a p t a t i o n  was e x c e l l e n t  w i t h  l i t t l e  s i g n  o f  
s u r f a c e  c o n t r a c t i o n .
As w i t h  any m a t e r i a l  t h e  e f f e c t i v e  d e p t h  o f  d e n t i n e  
r e m a i n i n g  b e tw e e n  t h e  f l o o r  o f  t h e  c a v i t y  and t h e  p u l p  p l a y s  
an i m p o r t a n t  p a r t  i n  d e t e r m i n i n g  t h e  p u l p a l  r e a c t i o n .  The 
t r a u m a  o f  c a v i t y  p r e p a r a t i o n  i s  a l s o  a  c o n t r i b u t o r y  c a u s e .
The f i n d i n g s  o f  t h i s  s t u d y  have  shown t h a t  T.D. 71 
p r o d u c e d  a  s l i g h t  t o  m o d e r a te  e f f e c t  on t h e  d e n t a l  p u l p  i n  
d ogs  t e e t h  and  t h a t  where  t h e  e f f e c t i v e  t h i c k n e s s  o f  d e n t i n e  
b e tw e e n  t h e  p u l p  and  t h e  c a v i t y  was g r e a t e r  t h a n  0 . 8  mm. t h i s  
e f f e c t  was m in i m a l .  Even i n  some c a v i t i e s  where  t h e  e f f e c t ­
i v e  d e n t i n e  t h i c k n e s s  was l e s s  t h a n  t h i s  t h e  r e s p o n s e  was 
s l i g h t .  Only  i n  t h r e e  c a v i t i e s  was a  s e v e r e  r e s p o n s e  
d e m o n s t r a t e d  a n d  i n  t h e s e  a d d i t i o n a l  c o n t r i b u t o r y  f a c t o r s  
may have  b e e n  p r e s e n t .
The r e s u l t s  o f  t h e  f i r s t  s t u d y  were  r e i n f o r c e d  b y  t h e  
l o n g e r  s t u d y  o f  43 d a y s .  The r e s p o n s e  o f  t h e  p u l p  o v e r
F i g . It Secondary den tine  showing r e l a t i o n s h ip  to  cavits^ f l o o r .
Fig . ^ C a lc io tra u ira t ic  l in e
-  221 -
t h i s  p e r i o d  was a g a i n  s l i g h t  w i t h  s e c o n d a r y  d e n t i n e  b e i n g  
l a i d  down and  no l o c a l i z e d  o r  g e n e r a l i s e d  s e v e r e  r e s p o n s e  
d e m o n s t r a b l e .  The t im e  o f  i n s e r t i o n  a f t e r  m ix i n g  d i d  n o t  
p r o d u c e  any d e m o n s t r a b l e  d i f f e r e n c e  on h i s t o l o g i c a l  
e x a m i n a t i o n .
Summary
1 .  The p u l p a l  r e a c t i o n  p r o d u c e d  by  T.D. 71 i s  s l i g h t  t o  
m o d e r a te  and t h e  m a t e r i a l  i s  w e l l - t o l e r a t e d  i n  t h e  
dogs  t e e t h .
2 .  W hile  i t  m ig h t  be  u n n e c e s s a r y  t o  l i n e  s h a l l o w  c a v i t i e s  
i t  would b e  a d v i s a b l e  t o  l i n e  d e e p e r  c a v i t i e s  w i t h  a  
m a t e r i a l  s u c h  a s  a  c a l c i u m  h y d r o x i d e  l i n i n g .
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P A P E R  19
MERCURY HAZARDS ASSOCIATED WITH HIGH SPEED 
MECHANICAL AMALGAMATORS
G. S .  N ixon  and T. C. Rowbotham
B r i t i s h  D e n t a l  J o u r n a l ,  
V o l .  151, PP.  308-311, 1971.
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MERCURY HAZARDS ASSOCIATED WITH HIGH SPEED 
MECHANICAL AMALGAMATORS
The p o s s i b i l i t y  o f  l e a k a g e  o f  m e r c u r y  f rom  c a p s u l e s  
d u r i n g  h i g h - s p e e d  a m a lg a m a t io n  i s  i n v e s t i g a t e d .  D i f f e r e n t  
t y p e s  o f  c a p s u l e s  a r e  ex am ined  and i t  i s  shown t h a t  m e r c u r y  
l o s s e s  do o c c u r ,  c o n t r i b u t i n g  t o  t h e  h a z a r d  o f  m e r c u r y  i n  
t h e  d e n t a l  s u r g e r y .
The p a p e r  by  Cook and Y a t e s  ( 1 9 6 9 )  d e s c r i b i n g  a  c a s e  
o f  m e r c u r y  p o i s o n i n g  w h ic h  r e s u l t e d  i n  t h e  d e a t h  o f  a  d e n t a l  
s u r g e r y  a s s i s t a n t  h a s  i n c r e a s e d  t h e  a w a r e n e s s  o f  t h e  d e n t a l  
p r o f e s s i o n  t o  t h e  h a z a r d  o f  m e rc u ry  i n  t h e  d e n t a l  s u r g e r y .  
T h i s  p r o b l e m  h a s  b e e n  d i s c u s s e d  f u r t h e r  b y  N ix on  (1 9 7 0 )  smd 
Gronka  e t  a l .  ( 1 9 7 0 ) .
The h a z a r d  t o  h e a l t h  f ro m  m e r c u r y  i n  d e n t i s t r y  i s  
m a i n l y  t h r e e - f o l d :
( 1 )  S y s t e m ic  a b s o r p t i o n  o f  m e r c u r y  t h r o u g h  d i r e c t  
c o n t a c t  w i t h  t h e  s k i n .
( 2 )  I n h a l a t i o n  o f  m e r c u r y  v a p o u r  g i v e n  o f f  a t  room 
t e m p e r a t u r e .
( 3 )  I n h a l a t i o n  o f  a i r b o r n e  p a r t i c l e s  o f  m e r c u r y  o r  
m e r c u r y  c o n t a m i n a t e d  p a r t i c l e s .
W h i l s t  a b s o r p t i o n  by  t h e  s k i n  can  b e  e l i m i n a t e d  by  
a v o i d i n g  d i r e c t  h a n d l i n g  o r  t o u c h i n g  e i t h e r  l i q u i d  m e r c u r y  
o r  f r e s h l y  m ixed  amalgam, t h e  s e c o n d  and t h i r d  h a z a r d s  p o s e  
a  more d i f f i c u l t  p r o b l e m .  A u to m a t i c  m ix in g  u s i n g  low 
m e r c u r y  r a t i o s  a v o i d s  t h e  n e c e s s i t y  f o r  s q u e e z i n g  o u t  
e x c e s s  m e r c u r y  t h r o u g h  a  c l o t h  and e l i m i n a t e s  c o n t a c t  w i t h  
t h e  f i n g e r s  ( P i g .  1 ) .  P r e p a r e d  p r e - p r o p o r t i o n e d
F ig .  1 Excess mercury squeezed from amalgam.
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e n c a p s u l a t e d  m e r c u r y  and a l l o y  have  t h e  a d d i t i o n a l  a d v a n ­
t a g e  o f  e l i m i n a t i n g  a c c i d e n t a l  s p i l l a g e  o f  m e r c u r y  w h ich  
l o d g e s  i n  i n a c c e s s i b l e  p l a c e s  s u c h  a s  c r a c k s  and  c r e v i c e s  
on t h e  f l o o r ,  a r o u n d  s k i r t i n g  b o a r d s  and u n d e r  t h e  b a s e s  
o f  d e n t a l  c h a i r s  and c a b i n e t s .  I n  t h e s e  s i t u a t i o n s  
m e r c u r y  i s  a lm o s t  u n d e t e c t a b l e ,  i s  c o n t i n u o u s l y  p r e s e n t  and 
i s  a c c u m u l a t i n g  w i t h  t h e  p a s s a g e  o f  t i m e .
A l th o u g h  a u t o m a t i c  m ix i n g  e l i m i n a t e s  s k i n  c o n t a c t  
t h e r e  i s  an  a d d i t i o n a l  h a z a r d  o f  p o s s i b l e  l e a k a g e  f ro m  t h e  
c a p s u l e  w h i l e  m i x i n g ,  a  p o s s i b i l i t y  w h ic h  h a s  b e e n  s u g g e s t e d  
b y  J o r g e n s e n  (1970)*  I n  t h e s e  c a s e s  m e r c u r y  c o u l d  b e  
d i s s i p a t e d  f rom  t h e  c a p s u l e  t h r o u g h  t h e  a i r .  These  f i n e  
d r o p l e t s  would  t h e n  be  s c a t t e r e d  o v e r  a  l a r g e  a r e a  w h ic h  
would  g r e a t l y  i n c r e a s e  t h e  s u r f a c e  a r e a  o f  m e r c u r y  f ro m  
w h ic h  v a p o r i s a t i o n  c o u l d  t a k e  p l a c e .
Numerous c a p s u l e s  a r e  a v a i l a b l e  f o r  t h e  m e c h a n i c a l  
p r e p a r a t i o n  o f  amalgam. T h e re  a r e  t h e  p r e - p r o p o r t i o n e d  
e n c a p s u l a t e d  t y p e  w i t h  known q u a n t i t i e s  o f  a l l o y  and 
m e r c u r y .  Such  c a p s u l e s  a r e  i n t e n d e d  t o  be u s e d  o nce  b u t  
b e c a u s e  o f  t h e i r  r e l a t i v e l y  h i g h  c o s t  many d e n t i s t s  r e - u s e  
them  a  number o f  t i m e s  by  r e - f i l l i n g  w i t h  a  m e a s u r e d  amount 
o f  m e r c u r y  and  a l l o y .  The o t h e r  m ain  t y p e s  o f  c a p s u l e s  
a r e  t h o s e  w h ic h  a r e  i n t e n d e d  f o r  r e - u s e  and i n t o  w h ic h  
w e ig h e d  am oun ts  o f  a l l o y  and m e r c u r y  a r e  p l a c e d .  Amal­
g a m a t i o n  i s  c o m p l e t e d  w i t h  o r  w i t h o u t  a  p e s t l e  i n  t h e  
c a p s u l e .
W hile  a l l  c a p s u l e s  h ave  some fo rm  o f  s e a l i n g  mechanism 
t h e r e  i s  t h e  p o s s i b i l i t y  t h a t  t h i s  s e a l  may n o t  b e  
s u f f i c i e n t l y  e f f e c t i v e  and c o u l d  p e r m i t  t h e  e s c a p e  o f  m e r c u r y .
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T h is  i n v e s t i g a t i o n  was u n d e r t a k e n  t o  exam ine  t h e  
p o s s i b i l i t y  o f  s u c h  a h a z a r d  o c c u r r i n g .
M a t e r i a l s  and  Methods
Leakage  o f  M e rcu ry  f rom  C a p s u l e s  
The e f f i c a c y  o f  t h e  s e a l  t o  m e r c u r y  i n  a n  u n u se d  
c a p s u l e  o f  t h e  p r e - p r o p o r t i o n e d  e n c a p s u l a t e d  t y p e  
(Amalcap ) was d e t e r m i n e d  by  d r i l l i n g  a s m a l l  h o l e  i n  t h e  
r o u n d  en d  o f  t h e  c a p s u l e  and  r e m o v in g  t h e  a l l o y .  M ercu ry  
was a d d e d  t o  g i v e  a  t o t a l  w e i g h t  o f  m e r c u r y  o f  a p p r o x i ­
m a t e l y  1 g ( i n c l u d i n g  t h e  w e i g h t  o f  m e rc u ry  i n  t h e  c a p s u l e  
e n v e l o p e ) .  The h o l e  was c o m p l e t e l y  r e - s e a l e d  w i t h  a  
c e l l u l o s e  cem en t  and  a f t e r  ' s q u e e z i n g '  t h e  m e r c u r y  f rom  
t h e  e n v e l o p e ,  t h e  c a p s u l e  was 'm i x e d '  f o r  10 s e c o n d s  i n  a  
S i l a m a t  m a c h in e .  F iv e  u n u s e d  c a p s u l e s  were  t r e a t e d  i n  
t h i s  way and any  m e r c u r y  l o s s  was r e c o r d e d  ( T a b l e  1 ) .
T a b le  1
A l l o y  rem oved  f rom  u n u s e d  Amalcap c a p s u l e .  M e rcu ry  ad d ed  
t o  g i v e  a p p r o x i m a t e l y  1 g .  C a p s u le  r e s e a l e d  w i t h
c e l l u l o s e  cem en t
B e f o r e A f t e r L oss  ( g )
1 2 .2 0 6 1 1 .4 4 6 0 .7601
2 2.214-6 1 .42 9 1 .7 8 5 3
3 2.194-2 1 .5 04 1 .6901
4 2 .1 9 8 3 1 . 8 8 1 4 .3 1 6 9
5 2.2554- 1 .6 5 1 9 .6 0 55
Amalcap c a p s u l e s  w h ic h  h a d  p r e v i o u s l y  b e e n  u s e d  on one
1 .  V i v a d e n t ,  S c h a a n ,  L e i c h t e n s t e i n .
o c c a s i o n  were  s i m i l a r l y  t r e a t e d  and t h e  m e rc u ry  l o s s  was
a g a i n  m e a s u re d  ( T a b l e  2 ) .  The m e rc u ry  l o s s  f rom  
1 2S.  S .  White  and  W.S. c a p s u l e s  i n t e n d e d  f o r  r e - u s e  was 
a l s o  m e a su re d  b y  ’m i x i n g '  1 g .  o f  m e r c u r y  i n  a  S i l a m a t  and 
W.S. a m a lg a m a to r  r e s p e c t i v e l y  f o r  10 s e c o n d s  ( T a b l e s  3 
and  4 ) .  Each  c a p s u l e  was f i l l e d  and 'm i x e d '  on 10 
o c c a s i o n s .
T a b le  2
M e rcu ry  L o s s e s  f ro m  10 Amalcap C a p s u l e s  p r e v i o u s l y  u s e d  
once  and r e - f i l l e d  w i t h  1 g m e r c u r y  o n l y
Sample 1 2 3 4 5
L oss
Grammes .7 9 1 6 .8 0 7 5  .8528 .54 2 0 .0 0 5 4
Sample 6 7 8 9 10
L oss
grammes .0326 .2681 .6491- .6373 .03 6 9
T a b le  3
Maximum M ercu ry  L oss  
1 g .  m e r c u r y
f rom  5 S . S .  W hite  
and  e a c h  'm i x e d '
c a p s u l e s  
10 t i m e s
f i l l e d
Sample 1 2 3 4 5
L oss
Grammes .0003 .0003  .0001 .0 0 0 4 .0002
T a b le  4
Maximum M e rcu ry  L o ss  f ro m  4  W.S. C a p s u l e s  f i l l e d  
m e r c u r y  and e a c h  'm i x e d '  10 t i m e s
1 g .
Sample 1 2 3 4
L oss
Grammes .0 62 9 .0 10 8  .0155  .0201
1 .  S . S .  W hite  D e n t a l  Mfg. Go. (OB) L t d .
2 .  W a l t e r  S c h n i t t ,  W. Germany.
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L oss  w i t h  A l l o y / M e r c u r y
I t  was a p p r e c i a t e d  t h a t ,  w h i l e  mercury l o s s  c o u l d  
o c c u r  when m e r c u r y  was u s e d  a l o n e ,  t h e  p r e p a r a t i o n  o f  
amalgam i n  c l i n i c a l  p r a c t i c e  c o u l d  p r o d u c e  d i f f e r e n t  
r e s u l t s .  T h e r e f o r e  10 new e n c a p s u l a t e d  amalgam c a p s u l e s  
(Am alcap)  were  w e ig h e d  b e f o r e  and a f t e r  m ix i n g  f o r  10 
s e c o n d s  i n  a  S i l a m a t  m ach ine  and  any l o s s  r e c o r d e d  
( T a b l e  5 ) .
T a b le  5
L oss  f ro m  new Amalcap C a p s u l e s  w i t h  A l l o y
Sample 1 2 3 4 5
L oss
grammes n i l n i l n i l .0001 n i l
Sample 6 7 8 9 10
L oss
grammes n i l .0001 n i l n i l n i l
L o s s e s  due t o  t h e  a l t e r a t i o n  o f  a l l o y / m e r c u r y  r a t i o s  
w ere  d e t e r m i n e d  u s i n g  b o t h  Amalcap c a p s u l e s  and  W.S. 
c a p s u l e s .  As t h e  p r e s e n t  t r e n d  i s  t o w a r d s  t h e  u s e  o f  
l o w e r  m e r c u r y  r a t i o s  w h i c h  e l i m i n a t e s  t h e  n e e d  t o  remove 
e x c e s s  m e r c u r y  f ro m  t h e  amalgam a  5 p a r t s  a l l o y  : 4  p a r t s  
m e r c u r y  w e i g h t  r a t i o  was e m p lo yed .  Some p r a c t i t i o n e r s  
h o w e v e r ,  p r e f e r  a  s o f t e r  mix and t h e  e x p e r i m e n t  was 
r e p e a t e d  u s i n g  5 p a r t s  a l l o y  : 6 p a r t s  m e r c u r y  t o  d e t e r m i n e  
i f  a  g r e a t e r  l o s s  o c c u r r e d  w i t h  t h e  h i g h e r  m e r c u r y  r a t i o .
I n  b o t h  e x p e r i m e n t s  a  p r e - a m a l g a m a t e d  a l l o y  was u s e d .
The r e s u l t s  o f  t h e s e  a r e  g i v e n  i n  T a b le  6 an d  T a b le  7»
The e f f e c t s  o f  an a l l o y  w i t h  a  l o n g e r  a m a lg a m a t in g  t im e  
was d e t e r m i n e d  u s i n g  a  r a t i o  o f  7 p a r t s  a l l o y  : 8 p a r t s
-  228 -
m e r c u r y  and m ix in g  i n  a  W.S. c a p s u l e  and  a m a lg a m a to r  
( T a b l e  8 ) .
M easurem ent  o f  M e rcu ry  Vapour
The c o n c e n t r a t i o n  o f  m e r c u r y  v a p o u r  i n  t h e  a i r  and 
f l o o r  a ro u n d  t h e  S i l a m a t  m ix e r  was d e t e r m i n e d  u s i n g  a  
H a n o v ia  m e r c u r y  v a p o u r  d e t e c t o r  h o .  E 3472 .  The m ix e r  
was c o v e r e d  i n  a p o l y t h e n e  c o v e r  o f  0 .2  m^ c a p a c i t y  a n d  t h e  
m e r c u r y  v a p o u r  c o n c e n t r a t i o n  m e a s u r e d  u n d e r  t h i s  c o v e r .
The r e s u l t s  a r e  g i v e n  i n  T a b le  9*
R e s u l t s
The m e r c u r y  l o s s  f ro m  u n u s e d  p r e - p r o p o r t i o n e d  
e n c a p s u l a t e d  c a p s u l e s  r a n g e d  f ro m  0.3169  t o  0.7855  g 
( T a b l e  1 ) .  When t h e  c a p s u l e s  h a d  b e e n  u s e d  on  a  p r e v i o u s  
o c c a s i o n  t h e s e  l o s s e s  were  f ro m  0 .0 0 5 4  t o  0 . 8 5 2 8  g ( T a b l e  
2 ) .  W ith  m e r c u r y  a l o n e  i n  t h e  S . S .  W hite  c a p s u l e  t h e  
l o s s e s  were  f rom  0 .0 0 0 1  t o  0 .0 0 0 5  g ( T a b l e  3) and  f ro m  
0 .0 1 0 8  t o  0 . 0 6 2 9  g w i t h  t h e  W.S. c a p s u l e s  ( T a b l e  4 ) .  When 
t h e  s t a n d a r d  a l l o y / m e r c u r y  Amalcap c a p s u l e  was u s e d  t h e  
l o s s e s  were  s m a l l e r  w i t h  t h e  maximum l o s s  i n  Amalcap o f  
0 .0 0 0 1  g i n  two c a p s u l e s  ( T a b l e  5)* When t h e  a l l o y /  
m e r c u r y  r a t i o  was a l t e r e d  t h e  l o s s e s  w i t h  t h e  u s e d  Amalcap 
c a p s u l e s  were  0.0007  t o  O.OO53 g w i t h  a  5 : 4  r a t i o  and  
0 . 0 0 0 4  t o  0 . 0 0 7 9  g f o r  a  5 : 6 r a t i o  ( T a b l e  6 ) .  W i th  a l t e r ­
a t i o n  o f  a l l o y / m e r c u r y  r a t i o s  i n  t h e  W.S. c a p s u l e s  t h e  
l o s s e s  were  f ro m  n i l  t o  0 . 0 0 0 7  g ( T a b l e  7)» When t h e  
s l o w e r  a m a lg a m a t in g  a l l o y  was u s e d  i n  t h e  7 :8 r a t i o  t h e  
l o s s e s  were  f ro m  0 .0 0 0 3  t o  0 .0 4 1 9  g ( T a b l e  8 ) .
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The m e rc u ry  v a p o u r  c o n c e n t r a t i o n s  a r e  shown i n  
T a b le  9* I n  t h e  open  c l i n i c  a  r e a d i n g  o f  10 pg/Hg/m^ was 
o b t a i n e d  w i t h  i n c r e a s e s  up t o  60 pg/Hg/m^ a ro u n d  t h e  m i x e r .  
When t h e  m ix e r  was c o v e r e d  t h e  r e a d i n g s  were  o v e r  t h e  
maximum s c a l e  r e a d i n g ,  i . e .  200 pg /Hg/m^.
T a b le  9 
M ercu ry  Vapour M easu rem en ts
I n  open  c l i n i c 10 p g /H g / j£?
F l o o r  c r a c k s  n e a r  m ix e r 2 0 -3 0  pg/Hg/m^
R ubber  p a d s  a t  b a s e  o f  m ix e r 4 0 - 6 0  pg/Hg/m^
I n s i d e  m ix e r 3 0 -4 0  pg/Hg/m^
S i l a m a t  m ix e r  i n s i d e  p o l y t h e n e  c o v e r  
w i t h  Amalcap c a p s u l e  i n  p o s i t i o n 110 pg/Hg/m^
S i l a m a t  m ix e r  i n s i d e  p o l y t h e n e  c o v e r  
w i t h  m e r c u r y  i n  c a p s u l e 140 pg/Hg/m^
S i l a m a t  m ix e r  i n s i d e  p o l y t h e n e  c o v e r  
a f t e r  m ix in g 200 pg/Hg/m^
D i s c u s s i o n
The r e s u l t s  o f  t h e s e  e x p e r i m e n t s  show c l e a r l y  t h a t  t h e  
d a n g e r  o f  m e r c u r y  s p i l l a g e  d u r i n g  m e c h a n i c a l  a m a lg a m a t io n  
i s  r e a l .  The s e a l  o f  t h e  c a p s u l e ,  p a r t i c u l a r l y  o f  c a p s u l e s  
n o t  i n t e n d e d  f o r  r e - u s e ,  i s  n o t  as  c o m p l e t e  a s  i t  a p p e a r s .  
T h i s  i s  shown i n  c r o s s - s e c t i o n ,  when p a s s a g e  o f  m e r c u r y  
b e tw e e n  t h e  c a p s u l e  w a l l  and  c a p  c a n  b e  d e m o n s t r a t e d  
( F i g .  2 ) .
U s in g  a  s t r o b o s c o p e ,  t r i g g e r e d  t o  g i v e  a  s i n g l e  f l a s h  
and  a  S i l a m a t  m ix in g  m ach in e  w h ic h  v i b r a t e s  a t  4 , 5 0 0  
v i b r a t i o n s  p e r  m i n u t e ,  t h e  e j e c t i o n  o f  m e r c u r y  f rom  a  c a p s u l e
F ig .  2 C ro s s -s e c t io n  dem onstra ting  mercury (M) between cap (C) 
and body (B) of used Amalcap c ap su le .  X30.
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c a n  b e  shown c l e a r l y  ( F i g .  3)»
When m e rc u ry  i s  m ixed  w i t h  a l l o y ,  a s  i n  c l i n i c a l  
p r a c t i c e ,  t h e  l o s s  i s  f o r t u n a t e l y  n o t  so g r e a t ,  due  t o  t h e  
r a p i d  a m a lg a m a t io n  w h ic h  t a k e s  p l a c e  p a r t i c u l a r l y  when 
p r e - a m a l g a m a t e d  a l l o y  i s  u s e d .  Even when t h e  m e r c u r y / a l l o y  
r a t i o  was i n c r e a s e d  t h e r e  was no s i g n i f i c a n t  i n c r e a s e  i n  
l o s s .  T h e re  was a  g r e a t e r  l o s s ,  h o w e v e r ,  when a  s lo w  
a m a lg a m a t in g  a l l o y  was u s e d  due p e r h a p s  t o  t h e  l o n g e r  
w e t t i n g  t im e  b e tw e e n  t h e  m e r c u r y  and t h e  s u r f a c e  o f  s i l v e r -  
t i n  a l l o y ,  l e a v i n g  more f r e e  m e r c u r y  a v a i l a b l e  f o r  e j e c t i o n  
f rom  t h e  c a p s u l e  i n  t h e  e a r l y  s t a g e s  o f  m ix i n g .
I t  i s  u n w ise  t o  r e - u s e  Amalcap t y p e  c a p s u l e s  w h ich  
a r e  i n t e n d e d  f o r  u se  once  o n l y .  Even t h o u g h  t h e  l o s s  o f  
m e r c u r y  was b e tw e e n  5 mg and 0 .8  mg f o r  a  mix w i t h  p r e ­
a m a lg a m a ted  a l l o y  t h i s  c o u l d  r e s u l t  i n  a  l o s s  o f  a s  much a s
0 .5  g o f  m e r c u r y  d u r i n g  a  week i f  20 m ix e s  a  day  were  
c a r r i e d  o u t .  I f  an a l l o y  w i t h  a  l o n g e r  m ix in g  t i m e  were  
u s e d  t h e  l o s s  c o u l d  be  o v e r  4  g f o r  a  week o r  184 g f o r  
t h e  y e a r .
Gronka  e t  a l .  (1 9 7 0 )  d rew a t t e n t i o n  t o  t h e  d a n g e r s  o f  
m e r c u r y  p o i s o n i n g  i n  d e n t a l  s u r g e r i e s  and  t o  t h e  d a n g e r s  
o f  s p i l l e d  m e r c u r y .  They a l s o  s t a t e d  t h a t  t h e  s m a l l e r  t h e  
d r o p l e t s  t h e  g r e a t e r  t h e  d a n g e r  and  t h a t  m e th o ds  o f  c l e a n ­
i n g  o f  t h e  s u r g e r y  a f f e c t  t h e  p r o b l e m ;  f l o o r  mops u s e d  i n  
t h e  s u r g e r y  s h o u l d  n o t  b e  u s e d  e l s e w h e r e  a s  m e r c u r y  i s  
l i k e l y  t o  be  d i s p e r s e d .  They p o i n t  o u t  t h e  d a n g e r  o f  a i r  
c o n d i t i o n i n g  and  s t a t e  t h a t  c a r p e t s  and r u g s  s h o u l d  be  
a v o i d e d  i n  s u r g e r i e s  a s  t h e y  q u i c k l y  became c o n t a m i n a t e d .
F ig .  3 Mercury g lo b u les  be ing  thrown from used 
Amalcap capsule  in  S ilam at m ix e r .
I t  must  be  s t r e s s e d  t h a t  v e n t i l a t i o n  o f  d e n t a l  
s u r g e r i e s  i s  a l l  i m p o r t a n t  a s  e v i d e n c e d  by  t h e  t r i a l s  w i t h  
t h e  m e r c u r y  v a p o u r  m e t e r .  Where t h e r e  i s  a  f r e e  c u r r e n t  o f  
a i r  t h e  l e v e l  o f  c o n c e n t r a t i o n  o f  m e r c u r y  i s  n o t  p a r ­
t i c u l a r l y  h i g h  e v e n  when s p i l l e d  m e r c u r y  i s  f o u n d .  When 
t h e  s u r g e r y  i s  e n c l o s e d ,  t h e  l e v e l  o f  m e r c u r y  may be  
i n c r e a s e d  and become a  h a z a r d  t o  h e a l t h .  At p r e s e n t  t h e  
maximum a l l o w a b l e  c o n c e n t r a t i o n  o f  m e r c u r y  i s  100 pg/m^ 
f o r  a  4 0 - h o u r  week e x p o s u r e ,  b u t  some a u t h o r i t i e s  c o n s i d e r  
t h i s  f i g u r e  t o o  h i g h  and a  f i g u r e  o f  50 pg/m^ h a s  b e e n  
s u g g e s t e d .  P a r t i c u l a r  a t t e n t i o n  s h o u l d  b e  p a i d  t o  f l o o r s  
and  s u r r o u n d i n g s  w h ic h  s h o u l d  be  f r e e  f rom  c r a c k s  o r  
c r e v i c e s .  An e x a m i n a t i o n  o f  a l l  a m a lg a m a to r s  i n  t h e  c l i n i c  
showed,  i n  e a c h  c a s e ,  m e r c u r y  l o d g e d  i n  i n a c c e s s i b l e  a r e a s .
A l l  w a s t e  amalgam s h o u l d  be k e p t  u n d e r  w a t e r  o r  i n  
s e a l e d  c o n t a i n e r s  w h ic h  p r e v e n t s  m e r c u r y  v a p o u r  f ro m  b e i n g  
g i v e n  o f f .  M e rcu ry  s h o u l d  n o t  be  h a n d l e d  and l e a k  p r o o f  
c a p s u l e s  m ust  be  u s e d  f o r  m e c h a n i c a l  a m a lg a m a t io n .  Con­
s i d e r a t i o n  s h o u l d  be g i v e n  i n  t h e  d e s i g n  o f  a m a lg a m a to r s  t o  
s e a l i n g  t h e  o u t e r  c o v e r  and p r o d u c i n g  sm oo th  r o u n d e d  s u r f a c e s  
w h ic h  c a n  be  r e a d i l y  c l e a n e d .
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UPTAKE OP COPPER AND MOLYBDENUM IN THE 
HARD DENTAL TISSUES OP THE RAT
Copper  and Molybdenum
Copper and  molybdenum sire both, c o n s i d e r e d  t o  be 
e s s e n t i a l  t r a c e  e l e m e n t s  i n  a n im a l  n u t r i t i o n .  They a r e  
n e c e s s a r y  i n  t h e  d i e t  f o r  g r o w th  and h e a l t h  and  t h e i r  
a b s e n c e  c a u s e s  a  d e f i c i e n c y  s t a t e  t o  d e v e l o p .
The p r e s e n c e  o f  c o p p e r  i n  p l a n t s  and  a n im a l  t i s s u e  
was n o t  c o n s i d e r e d  t o  be o f  i m p o r t a n c e  i n  t h e  e a r l y  1900 ’ s 
and  i t  was n o t  u n t i l  l a t e r  t h a t  i t s  n u t r i t i o n a l  v a l u e  
became a p p a r e n t .  Copper  h a s  b e e n  shown t o  be e s s e n t i a l  
i n  t h e  g r o w th  o f  r a t s ,  and t h a t  d e f i c i e n c y  o f  t h i s  e l e m e n t  
i n  t h e  d i e t  c a u s e d  c e r t a i n  d i s e a s e s  i n  c a t t l e  and s h e e p .
D ick  (1 9 5 6 )  c a r r i e d  o u t  a  number o f  i n v e s t i g a t i o n s  
i n  A u s t r a l i a  i n t o  c h r o n i c  c o p p e r  p o i s o n i n g  i n  s h e e p ,  a  
c o n d i t i o n  w h ich  i s  t r e a t e d  by  a d m i n i s t r a t i o n  o f  molybdenum 
an d  s u l p h a t e .  T h ese  i n v e s t i g a t i o n s  w ere  o f  i m p o r t a n c e  a s  
t h e y  d e m o n s t r a t e d  t h a t  t h e  r e t e n t i o n  o f  c o p p e r  was i n f l u ­
e n c e d  n o t  o n l y  b y  molybdenum b u t  a l s o  by  i n o r g a n i c  s u l p h a t e  
i n  t h e  d i e t .
W ith  im p ro v e m e n t s  i n  a n a l y t i c a l  t e c h n i q u e s  t h e  e x a c t  
d i s t r i b u t i o n  o f  c o p p e r  i n  a n im a l  t i s s u e s  and  p l a n t s  was 
e s t a b l i s h e d .  I t  was f o u n d  t h a t  c o p p e r  i s  i m p o r t a n t  i n  
p i g m e n t a t i o n ,  k e r a t i n i z a t i o n  o f  w o o l ,  bone  f o r m a t i o n ,  
r e p r o d u c t i o n ,  m y e l i n a t i o n  o f  t h e  s p i n a l  c o r d  and  a l s o  
h e m a t o p o i e s i s .  I n  t h e  human b o d y ,  c o p p e r  o c c u r s  a t  low 
l e v e l s  i n  t h e  e n d o c r i n e  g l a n d s  w h i l e  h i g h e r  l e v e l s  a r e
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f o u n d  i n  t h e  l i v e r ,  h e a r t ,  k i d n e y s ,  h a i r  and b r a i n .
B r u d e v o ld  and  S teadm an  (1 9 5 5 )  u s i n g  a s p e c t r o m e t r i c  t e c h ­
n i q u e  showed t h a t  t h e  c o n c e n t r a t i o n  o f  c o p p e r  i n  e r u p t e d  
human t e e t h  was i n  t h e  r a n g e  o f  12-30  ppm. i n d e p e n d e n t  o f  
a g e .  N e u t r o n  a c t i v a t i o n  a n a l y s i s  u s e d  by  Nixon  and  S m i th  
( 1962 ) on p e r m a n e n t  human t e e t h  gave  a  mean v a l u e  o f  9*5 
ppm. f o r  t h e  o u t e r  enam el  l a y e r  and  11.3  ppm. f o r  t h e  i n n e r  
enam el  l a y e r .
Molybdenum i s  an  e s s e n t i a l  n u t r i e n t  f o r  a n im a l  t i s s u e  
and a  number o f  p l a n t s ,  s u c h  a s  a x o t o b a c t e r  and  a s p e r g i l l u s  
n i g e r .  A re a s  where  t h e  s o i l  h a s  a  d e f i c i e n t  molybdenum 
c o n t e n t  g i v e  p o o r  c r o p s ,  b u t  when t h e  s o i l  i s  t r e a t e d  w i t h  
molybdenum s a l t s  t h e  c r o p s  t h r i v e .
The d i s e a s e  rit e a r t n w h ich  o c c u r s  i n  g r a z i n g  a n i m a l s  
g ave  t h e  f i r s t  e v i d e n c e  o f  t h e  m e t a b o l i c  im p o r ta n c e  o f  
molybdenum. " T e a r t "  i n d i c a t e d  by  s e v e r e  d i a r r h e a ,  i s  
c a u s e d  by  e x c e s s i v e  l e v e l s  o f  molybdenum i n  t h e  h e r b a g e  
and i s  t r e a t e d  w i t h  s u p p l e m e n t a r y  c o p p e r  s u l p h a t e .  B e ca u se  
c o p p e r  p o i s o n i n g  i n  sh e ep  c a n  b e  t r e a t e d  by  molybdenum and 
s u l p h a t e  t h e r a p y ,  i t  was p r o p o s e d  t h a t  t h e r e  was a  r e l a t i o n ­
s h i p  b e tw e e n  molybdenum, c o p p e r  and s u l p h a t e .  I n v e s t i g a ­
t i o n s  h ave  shown t h a t  a  c o p p e r - m o l y b d e n u m - i n o r g a n i c  s u l p h a t e  
i n t e r r e l a t i o n s h i p  o c c u r s  i n  a  number o f  a n im a l  s p e c i e s .
E v id e n c e  h a s  shown t h a t  molybdenum h a s  an e f f e c t  on 
c a r i e s ,  f o r  example  i n  New Z e a l a n d  h i g h  molybdenum l e v e l s  
i n  s o i l s  a n d  d r i n k i n g  w a t e r  r e d u c e d  t h e  o c c u r r e n c e  o f  c a r i e s .  
Two a d j a c e n t  c i t i e s ,  H a s t i n g s  and N a p i e r ,  w ere  s t u d i e d ,  b o t h  
h a v i n g  t h e  same d i e t a r y  h a b i t s  and t h e  same f l u o r i d e  l e v e l s  
i n  t h e i r  d r i n k i n g  w a t e r s ,  b u t  d i f f e r i n g  r a t e s  f o r  t h e
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o c c u r r e n c e  o f  c a r i e s .  N a p i e r  v e g e t a b l e s  c o n t a i n e d  more 
molybdenum t h a n  t h o s e  o f  H a s t i n g s  and  i t  was s u g g e s t e d  t h a t  
t h i s  was r e s p o n s i b l e  f o r  t h e  low i n c i d e n c e  o f  c a r i e s  a t  
N a p i e r .  T h i s  s u b j e c t  h a s  b e e n  f u l l y  r e v i e w e d  by 
J e n k i n s  ( 1 9 6 7 ) .
Molybdenum i s  n o t  c o n c e n t r a t e d  i n  any  p a r t i c u l a r  
o r g a n  i n  t h e  human b o d y ,  a l t h o u g h  h i g h e r  l e v e l s  a r e  fo u n d  
i n  t h e  l i v e r  and k i d n e y s  t h a n  i n  any  o t h e r  body  o r g a n s .
The l e v e l s  o f  molybdenum fo u n d  i n  t h e  l i v e r ,  k i d n e y ,  b o n e s  
and s k i n  c a n  b e  a l t e r e d  b y  an i n c r e a s e  o r  d e c r e a s e  i n  t h e  
d i e t a r y  molybdenum l e v e l .  The body  r e q u i r e s  molybdenum 
t o  fo rm  t h e  enzyme x a n t h i n e  o x i d a s e  w h ic h  c o n v e r t s  
x a n t h i n e  t o  u r i c  a c i d .  The c o n c e n t r a t i o n  o f  t h e  enzyme 
d e c r e a s e s  i f  molybdenum d e f i c i e n c y  o c c u r s .
P l a n t s  a b s o r b  n i t r o g e n  a s  n i t r a t e s  w h ic h  a r e  c o n ­
v e r t e d  t o  n i t r i t e s  b e f o r e  t h e y  c a n  t a k e  p a r t  i n  amino a c i d  
s y n t h e s i s .  T h i s  c o n v e r s i o n  o f  n i t r a t e  t o  n i t r i t e  i s  
c a r r i e d  o u t  by  t h e  enzyme n i t r a t e  r e d u c t a s e  o f  w h ic h  
molybdenum i s  a  c o n s t i t u e n t .  I n  molybdenum d e f i c i e n c y ,  t h e  
n i t r a t e  a c c u m u l a t e s  i n  t h e  p l a n t  a s  i t  i s  no l o n g e r  c o n ­
v e r t e d  t o  t h e  n i t r i t e ,  t h i s  h i g h  n i t r a t e '  l e v e l  c a n  make 
t h e  p l a n t  t o x i c  t o  f a rm  a n i m a l s .
A l t h o u g h  g r e a t  i n t e r e s t  h a s  b e e n  shown i n  t h e  i m p o r t a n t  
r o l e  p l a y e d  b y  molybdenum i n  t h e  p r e v e n t i o n  o f  c a r i e s ,  
l i t t l e  i s  known o f  i t s  c o n c e n t r a t i o n  i n  d e n t a l  t i s s u e  due 
t o  a n a l y t i c a l  d i f f i c u l t i e s .  H e a ly  and Ludwig (1 9 6 3 )  showed 
t h a t  whole  p e r m a n e n t  t e e t h  f r o m  N a p i e r  and H a s t i n g s  c o n t a i n ­
e d  0 . 0 3 4  ppm. and  O.O32 ppm. molybdenum r e s p e c t i v e l y ,  
d e c i d u o u s  t e e t h  f rom  N a p i e r  c o n t a i n e d  0 . 0 6 9  ppm. and f ro m
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H a s t i n g s  0 . 0 4 6  ppm. The enam el  f rom  p e rm a n e n t  t e e t h  i n
S c o t l a n d  was shown t o  c o n t a i n  0 . 0 2 6  -  0 . 1 2  ppm. by  
N ixon  (1967)*
P h y s i o l o g i c a l  R e l a t i o n s h i p s  b e tw e e n  Molybdenum and P o p p e r
P a s t u r e s  w h ic h  c o n t a i n  a  h i g h  c o n c e n t r a t i o n  o f  
molybdenum and w h ic h  c a u s e  t h e  d i s e a s e  i n  c a t t l e  known as  
' t e a r t ' ,  o c c u r  i n  a  number o f  a r e a s ,  f o r  exam ple  i n  
S o m e r s e t .  A l t h o u g h  t e a r t n e s s  h ad  b e e n  known f o r  o v e r  a 
h u n d r e d  y e a r s  a  c u r e  was n o t  f o u n d  u n t i l  t h e  1930 ' s .
On ly  r u m i n a n t s  s u f f e r  f ro m  ' t e a r t '  d i s e a s e ,  w h ic h  i s  
c h a r a c t e r i s e d  b y  s e v e r e  d i a r r h e a  and l o s s  o f  c o n d i t i o n .
I f  c a t t l e  a r e  l e f t  on ' t e a r t '  p a s t u r e  f o r  any  l e n g t h  o f  
t i m e  t h e y  may be  p e r m a n e n t l y  a f f e c t e d .  They may e v e n  
' s c o u r '  t h e m s e l v e s  t o  d e a t h .
Muir  (1 9 3 6 )  s u g g e s t e d  t h a t  t h e  p o s s i b l e  c a u s e s  o f  
t e a r t n e s s  w e re :
( 1 )  B a c t e r i a  -  on r e m o v a l  o f  t h e  c a t t l e  f ro m  t e a r t  
l a n d  t h e y  c e a s e  t o  ' s c o u r ' ,  b u t  i f  b a c t e r i a  were  t h e  c a u s e  
t h e  s c o u r i n g  would  p e r s i s t .
( 2 )  P a r a s i t e s  -  no a b n o rm a l  p a r a s i t e s  w ere  f o u n d  i n  
t h e  a f f e c t e d  a n i m a l s .
( 3 )  P a r t i c u l a r  h e r b s  -  h e r b s  w h ic h  f l o u r i s h  on t e a r t  
l a n d  a r e  a l s o  f o u n d  i n  n o n - t e a r t  a r e a s .
( 4 )  W ater  s u p p l y  -  f r e q u e n t l y  t e a r t  and  n o n - t e a r t  
a r e a s  h av e  a  common w a t e r  s u p p l y .
( 5 )  Unknown c o n s t i t u e n t  i n  t h e  h e r b a g e  -  w h ic h  
a p p e a r e d  t o  b e  t h e  m o s t  l i k e l y  c a u s e .
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F e r g u s o n  (1 9 4 3 )  a n a l y s e d  h e r b a g e  f rom  t e a r t  and  n o n -  
t e a r t  a r e a s  by  a s p e c t r o g r a p h i c  t e c h n i q u e .  The o n l y  
d i f f e r e n c e  fo u n d  b e tw e e n  t e a r t  and n o n - t e a r t  h e r b a g e  was 
i n  t h e  molybdenum c o n t e n t ,  w h ic h  was fo u n d  t o  be  g r e a t e r  
i n  t h e  t e a r t  r e g i o n s .  When l a n d  was t r e a t e d  w i t h  sod ium  
m o ly b d a te  c a t t l e  q u i c k l y  d e v e l o p e d  symptoms o f  t e a r t  a g a i n  
i n d i c a t i n g  t h a t  molybdenum was r e s p o n s i b l e .
The m ost  s a t i s f a c t o r y  m ethod  o f  h e a l i n g  t h i s  c o n ­
d i t i o n  was b y  c o p p e r  s u l p h a t e  e i t h e r  by  f e e d i n g  o r  
d r e n c h i n g .
F u r t h e r  e v i d e n c e  o f  t h e  r e l a t i o n s h i p  b e tw e e n  molybdenum 
and  c o o p e r
The e f f e c t  o f  molybdenum on c o p p e r  r e t e n t i o n  i n  
s h e e p  was f o u n d  b y  D ick  (1 9 3 2 )  t o  b e  g r e a t e r  i n  sh e ep  f e d  
c h a f f e d  l u c e r n e  hay  t h a n  t h o s e  f e d  c h a f f e d  o a t e n  h a y .  
However ,  when p o t a s s i u m  s u l p h a t e  was a d d e d  t o  c h a f f e d  o a t e n  
h a y  t o  g i v e  t h e  same s u l p h a t e  l e v e l  a s  l u c e r n e  h a y ,  t h e  
e f f e c t s  o f  b o t h  d i e t s  w ere  t h e  sam e.  I t  was c o n c l u d e d  
f ro m  t h e s e  s t u d i e s  t h a t  t h e  e f f e c t  o f  molybdenum on c o p p e r  
r e t e n t i o n  i n  t h e  l i v e r  d e p e n d e d  on t h e  s u l p h a t e  l e v e l  o f  
t h e  d i e t  (D ic k  1 9 3 3 ) .
F u r t h e r  e x p e r i m e n t s  were  c a r r i e d  o u t  on sh e e p  f e d  on 
a  d i e t  o f  a  known c o p p e r  i n t a k e  and v a r y i n g  am oun ts  o f  
molybdenum i n  t h e  fo rm  o f  ammonium m o l y b d a t e . As t h e  
molybdenum c o n t e n t  o f  t h e  d i e t  i n c r e a s e d  t h e  l i v e r  c o p p e r  
c o n t e n t  f e l l .  The f a l l  i n  t h e  c o p p e r  c o n t e n t  was i n i t i a l l y  
s t e e p  and  t h e n  l e v e l l e d  o u t  a s  t h e  molybdenum c o n t e n t  
a p p r o a c h e d  30 mgm. p e r  d a y .  The n e x t  s t e p  was t o  d e t e r m i n e
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i f  t h e  amount o f  l i v e r  c o p p e r ,  f o r  a p a r t i c u l a r  i n t a k e  o f  
c o p p e r  and  molybdenum, was r e l a t e d  t o  t h e  s u l p h a t e  i n t a k e  
( D ic k  1 9 3 4 ) .  Sheep w ere  f e d  d i e t s  a d j u s t e d  t o  a  known 
s u l p h a t e  and c o p p e r  i n t a k e ,  and  a t  e a c h  molybdenum l e v e l  
a d d i t i o n a l  amounts  o f  s u l p h a t e ,  i n  t h e  fo rm  o f  p o t a s s i u m  
s u l p h a t e  s o l u t i o n ,  w e re  a d d e d .  As t h e  s u l p h a t e  i n t a k e  
was i n c r e a s e d  t h e  l i v e r  c o p p e r  c o n t e n t  f e l l ,  a t  a l l  
molybdenum l e v e l s .  I t  was shown g r a p h i c a l l y  t h a t  t h e  
ch an g e  i n  t h e  l i v e r  c o p p e r  c o n t e n t  and  t h e  l o g a r i t h m  o f  
t h e  s u l p h a t e  i n t a k e  was l i n e a r .
H en ce ,  molybdenum e x e r t s  a  l i m i t i n g  e f f e c t  on c o p p e r  
r e t e n t i o n  i n  sh e ep  o n l y  i n  t h e  p r e s e n c e  o f  s u l p h a t e .
N e i t h e r  molybdenum n o r  s u l p h a t e  a lo n e  i n t e r f e r e  w i t h  c o p p e r  
r e t e n t i o n  and t h e  e f f e c t i v e n e s s  o f  e i t h e r  i n c r e a s e s  t o  a  
maximum a s  t h e  i n t a k e  o f  t h e  o t h e r  i s  i n c r e a s e d .
T hese  s t u d i e s  showed t h a t  an a n i m a l ' s  c o p p e r  s t a t u s  
d e p e n d s  n o t  o n l y  on t h e  c o p p e r  i n t a k e  b u t  a l s o  on t h e  
molybdenum and s u l p h a t e  i n t a k e s .  T h e r e f o r e ,  h i g h  l i v e r  
c o p p e r  l e v e l s  i n  s h e e p ,  w h ic h  c a u s e  c h r o n i c  c o p p e r  
p o i s o n i n g ,  o c c u r  w i t h  m o d e r a t e  c o p p e r  i n t a k e s  and  v e r y  low 
d i e t a r y  l e v e l s  o f  molybdenum. W h i l s t  c o p p e r  d e f i c i e n c y ,  
due  t o  l o s s  o f  t h e  a n i m a l ' s  c o p p e r  r e s e r v e s  c a n  o c c u r  on  
n o r m a l  c o p p e r  and h i g h  molybdenum and  s u l p h a t e  i n t a k e s  
(Wynne 1 9 5 6 ) .
A l t h o u g h  t h e r e  i s  a  l a r g e  amount o f  e v i d e n c e  f o r  t h e  
m o l y b d e n u m - c o p p e r - s u l p h a t e  i n t e r r e l a t i o n s h i p ,  no d e f i n i t e  
m echan ism  h a s  y e t  b e e n  p r o p o s e d .
D ick  (1 9 5 6 )  p r o p o s e d  t h a t  s u l p h a t e  i n t e r f e r e s  w i t h  
t h e  t r a n s p o r t  o f  molybdenum a c r o s s  t h e  c e l l  m em branes ,  i f
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t h e  s u l p h a t e  c o n c e n t r a t i o n  i s  s u f f i c i e n t l y  h i g h  t h i s  t r a n s ­
p o r t  i s  p r e v e n t e d .  The molybdenum b l o c k e d  a t  t h e  membrane 
im p ed es  t h e  t r a n s p o r t  o f  c o p p e r  a c r o s s  t h e  membrane and 
i f  t h e  c o n c e n t r a t i o n  o f  b l o c k e d  molybdenum i s  s u f f i c i e n t l y  
h i g h  t h e  c o p p e r  t r a n s p o r t  i s  p r e v e n t e d .
A n im als  f e d  on a low s u l p h a t e  d i e t  show a r e a d y  
a b s o r p t i o n  o f  molybdenum f rom  t h e  i n t e s t i n a l  t r a c t  i n t o  
t h e  b l o o d  s t r e a m  and t i s s u e s .  The molybdenum i n  t h e  b l o o d  
p a s s e s  t h r o u g h  t h e  u l t r a - f i l t e r  o f  t h e  k i d n e y  g l o m e r u l u s ,  
t h e  u l t r a - f i l t r a t e  o f  w h ic h  p a s s e s  t o  t h e  k i d n e y  t u b u l e ,  
where  most  o f  t h e  molybdenum i s  r e - a b s o r b e d  and  r e t u r n e d  t o  
t h e  b l o o d .  As t h e  s u l p h a t e  l e v e l  o f  t h e  d i e t  i n c r e a s e s ,  
t h e  s u l p h a t e  c o n c e n t r a t i o n  i n  t h e  u l t r a  f i l t r a t e  o f  t h e  
k i d n e y  g l o m e r u l u s  w i l l  b e  h i g h e r  and w i l l  p r e v e n t  t h e  r e ­
a b s o r p t i o n  o f  molybdenum. T h i s  w i l l  c a u s e  h i g h e r  l e v e l s  
o f  molybdenum i n  t h e  u r i n e  b u t  l o w e r  l e v e l s  i n  t h e  b l o o d ,  
a  p o i n t  w h ic h  was o b s e r v e d  i n  sh e e p  f e d  on h i g h  s u l p h a t e  
l e v e l s .
A b s o r p t i o n  o f  Copper
F o r  a n i m a l s  on a  d i e t  o f  h i g h  l e v e l s  o f  molybdenum and 
s u l p h a t e  t h e  amount o f  c o p p e r  a b s o r b e d  f rom  t h e  a l i m e n t a r y  
t r a c t  and  a c c u m u l a t e d  i n  t h e  l i v e r  w i l l  be  i n s u f f i c i e n t  t o  
c o m p e n s a te  f o r  n o rm a l  l o s s e s  o f  c o p p e r  b y  e x c r e t i o n .  H ence ,  
t h e  a n i m a l ' s  c o p p e r  r e s e r v e s  w i l l  b e  d e p l e t e d  a n d  a  c o p p e r  
d e f i c i e n c y  w i l l  o c c u r .  The b l o o d  c o p p e r  l e v e l  w i l l  b e  
u n a f f e c t e d ,  u n l e s s  t h e  l e v e l  o f  molybdenum i n  t h e  d i e t  i s  
s u f f i c i e n t l y  h i g h  so t h a t ,  i n  s p i t e  o f  a  h i g h  s u l p h a t e
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i n t a k e ,  some molybdenum i s  a b s o r b e d  t o  e s t a b l i s h  a  h i g h  
c o n c e n t r a t i o n  o f  molybdenum a t  membranes where  c o p p e r  i s  
n o r m a l l y  e x c r e t e d .  V/hen t h i s  o c c u r s  b o t h  c o p p e r  a b s o r p t i o n  
and e x c r e t i o n  a r e  im p e d ed .  The c o p p e r  d e f i c i e n c y  a t  s i t e s  
where  i t  n o r m a l l y  f u n c t i o n s  s t i m u l a t e s  t h e  m o b i l i z a t i o n  o f  
c o p p e r  i n  t h e  b l o o d .  When t h e  c o p p e r  l e v e l  i n  t h e  b l o o d  
r e a c h e s  a  s u f f i c i e n t l y  h i g h  l e v e l  any  f u r t h e r  m o b i l i z a t i o n  
o f  s t o r e d  c o p p e r  i s  p r e v e n t e d  by  a  m a s s - a c t i o n  e f f e c t .
At t h i s  s t a g e ,  t h e  l e v e l  o f  c o p p e r  i n  t h e  l i v e r  w i l l  c e a s e  
t o  f a l l  b u t  p h y s i c a l  s i g n s  o f  c o p p e r  d e f i c i e n c y  w i l l  d e v e l o p .  
T h i s  i s  o b s e r v e d  i n  p r a c t i c e .
Most s t u d i e s  o f  t h e  m o lyb d e n u m -c o p p e r  i n t e r r e l a t i o n ­
s h i p s  were  c o n c e r n e d  w i t h  r u m i n a n t s .  M i l l s  ( i 960 ) s t u d i e d  
t h e  i n t e r a c t i o n  i n  n o n - r u m i n a n t  a n i m a l s ,  f o r  exam ple  t h e  r a t .  
R um in a n ts  f e d  on a  d i e t  s u p p l e m e n te d  w i t h  molybdenum showed 
r e d u c t i o n  i n  g r o w t h ,  f a i l u r e  i n  h a e m o g lo b in  s y n t h e s i s ,  and 
s k e l e t a l  a b n o r m a l i t i e s .  As t h e s e  symptoms d i s a p p e a r  when 
d i e t a r y  c o p p e r  i n c r e a s e s  t h e y  m ust  r e s u l t  f ro m  some i n t e r ­
f e r e n c e  i n  t h e  c o p p e r  m e t a b o l i s m .
M i l l s '  s t u d i e s  i n d i c a t e d  m arked  d i f f e r e n c e s  o f  t h e  
e f f e c t  o f  t h e  co p pe r -m o ly b d e n u m  i n t e r r e l a t i o n s h i p  b e tw e e n  
r u m i n a n t s  and  n o n - r u m i n a n t s .  I n  t h e  r a t ,  molybdenum 
i n c r e a s e s  c o p p e r  a c c u m u l a t i o n  i n  t h e  l i v e r  and  p r e v e n t s  i t s  
u s e  i n  t h e  b o dy  t i s s u e s ,  w h i l s t  i n  sh e ep  molybdenum c a u s e s  
c o p p e r  d e p l e t i o n .  D i f f e r e n c e s  a l s o  a p p e a r  w i t h  d i e t a r y  
s u l p h a t e ,  i n  s h e e p  on a  h i g h  molybdenum and  s u l p h a t e  d i e t  
t h e r e  i s  a  d e c r e a s e  i n  t h e  l i v e r  c o p p e r  l e v e l ,  w h e r e a s  i n  
t h e  r a t  s u l p h a t e  p r e v e n t s  a c c u m u l a t i o n  o f  c o p p e r  i n  t h e  
l i v e r ,  c a u s e d  by  h i g h  l e v e l s  o f  molybdenum. These
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d i f f e r e n c e s  a r e  e x p l a i n e d  by  t h e  d i f f e r e n t  a c t i o n  o f  s u l p h a t e  
i n  t h e  two s p e c i e s .  I n  r u m i n a n t s ,  s u l p h a t e  i s  r e d u c e d  
t o  s u l p h i d e  by  t h e  m i c r o - o r g a n i s m s  o f  t h e  r e t i c u l o - r u m e n ,  
b u t  i n  t h e  r a t  l i m i t e d  s u l p h a t e  r e d u c t i o n  o c c u r s  o n l y  i n  
t h e  caecum and  c o l o n .
F u r t h e r  s t u d i e s  have  shown t h e  molybdenum i n  t h e  d i e t  
c a n  a f f e c t  t h e  a c t i v i t y  o f  a  number o f  enzyme s y s t e m s  i n  
t h e  l i v e r  and k i d n e y  w h ic h  a r e  c o n c e r n e d  i n  t h e  m e t a b o l i s m  
o f  s u l p h u r  compounds .
I n  t h e  r a t ' s  l i v e r ,  t h e  a c t i v i t y  o f  t h e  s u l p h i d e  
o x i d i s i n g  s y s t e m  i s  r e d u c e d  b y  m o l y b d a t e ,  w h ic h  s u g g e s t s  
t h a t  t h e  d e t o x i c a t i o n  o f  s u l p h i d e  may b e  r e s t r i c t e d  i n  
t i s s u e s  o f  h i g h  molybdenum c o n t e n t .  H ig h  l e v e l s  o f  
molybdenum i n  t h e  l i v e r  a l s o  i n f l u e n c e  t h e  a c t i v i t y  o f  
a l k a l i n e  p h o s p h a t a s e ,  t h e  a c t i v i t y  o f  w h ic h  i n c r e a s e s  i n  
t h e  l i v e r  b u t  f a l l s  i n  t h e  k i d n e y .
S i m i l a r  i n v e s t i g a t i o n s  were  c a r r i e d  o u t  i n t o  t h e  
e f f e c t s  o f  molybdenum on s u l p h i d e  m e t a b o l i s m  i n  s h e e p .
Sheep  f e d  m o ly b d a te  and  s u l p h a t e  had  h i g h e r  s u l p h i d e  l e v e l s  
i n  t h e  rum en t h a n  t h o s e  f e d  o n l y  s u l p h a t e .  The p r e s e n c e  
o f  molybdenum and  s u l p h a t e  i n  t h e  d i e t  was a l s o  r e s p o n s i b l e  
f o r  a  r e d u c t i o n  o f  s o l u b l e  c o p p e r  i n  t h e  a q u eo u s  p h a s e s  o f  
t h e  rum en  and abomasum. I t  h a s  b e e n  s u g g e s t e d  t h a t  t h i s  
r e d u c t i o n  was due t o  t h e  p r e c i p i t a t i o n  o f  i n s o l u b l e  c u p r i c  
s u l p h i d e .  M i l l s  (1 9 6 0 )  c o n s i d e r e d  t h i s  s u g g e s t i o n  was 
u n l i k e l y .  A l t h o u g h  t h e r e  i s  a  r e d u c t i o n  i n  t h e  c o p p e r  l e v e l  
i n  b o t h  t h e  rumen an d  abomasum, any a p p r e c i a b l e  q u a n t i t y  o f  
s u l p h i d e  o n l y  o c c u r s  i n  t h e  abomasum i f  t h e  rum en  c o n t e n t  
e x c e e d s  0 .4  |i m o l e / m l . , a t  o t h e r  t i m e s  t h e  s u l p h i d e  l e v e l
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i s  n e g l i g i b l e  and i s  c o n s t a n t ,  i r r e s p e c t i v e  o f  t h e  p r e s e n c e  
o f  molybdenum. H ence ,  t h i s  low s u l p h i d e  l e v e l  makes t h e  
p r e c i p i t a t i o n  o f  c u p r i c  s u l p h i d e  u n l i k e l y .  T h e r e f o r e ,  t h e  
r e l a t i o n s h i p  b e tw e e n  s o l u b l e  c o p p e r  l e v e l  and s u l p h i d e  
l e v e l  i s  n o t  c l e a r ,  b u t  t h e  c h a n g e s  i n  t h e  s u l p h i d e  c o n t e n t  
may b e  due  t o  d i f f e r e n t  p r o d u c t s  f ro m  t h e  s u l p h u r  m e t a ­
b o l i s m ,  f o r  exam ple  s u l p h u r  amino a c i d s  o r  m e r c a p t a n s ,  w h ich  
may r e a c t  w i t h  c o p p e r  t o  fo rm  i n s o l u b l e  p r o d u c t s .
The m e t a b o l i c  c h a n g e s  o c c u r r i n g  i n  r a t s  f e d  on 
molybdenum a r e  p r o b a b l y  c a u s e d  by  f a i l u r e  o f  c o p p e r  
u t i l i z a t i o n  i n  t h e  t i s s u e s  and  t h e r e  i s  no e v i d e n c e  t h a t  
molybdenum i n t e r f e r e s  w i t h  t h e  c o p p e r  i n t a k e  i n  t h e  d i g e s t ­
i v e  t r a c t .  I n  t h e  c a s e  o f  r u m i n a n t s  f e d  on molybdenum and 
s u l p h a t e  d i e t s ,  t h e  d e f i c i e n c y  o f  c o p p e r  i n  t h e  t i s s u e s  and 
t h e  low l e v e l s  o f  c o p p e r  i n  t h e  a q u e o u s  p h a s e s  o f  t h e  
rumen and abomasum may be due t o  c h a n g e s  i n  t h e  d i g e s t i v e  
t r a c t  w h ich  r e s t r i c t  c o p p e r  a b s o r p t i o n .
The i n c r e a s e d  s u l p h i d e  l e v e l  i n  t h e  rumen may b e  due 
t o  t h e  e f f e c t  o f  molybdenum on s u l p h u r  m e t a b o l i s m  i n  t h e  
d i g e s t i v e  t r a c t .
The m echan ism s  s u g g e s t e d  by  D ick  and  M i l l s  f o r  t h e  
c o p p e r -m o ly b d e n u m  i n t e r r e l a t i o n s h i p  d i d  n o t  c o n s i d e r  t h e  
p o s s i b i l i t i e s  t h a t  molybdenum may i n h i b i t  t h e  a c t i v i t y  o f  
c o p p e r  c o n t a i n i n g  enzymes o r  may be  r e s p o n s i b l e  f o r  t h e  
f i x i n g  o f  c o p p e r  i n  an  u n a v a i l a b l e  fo rm  i n  t h e  t i s s u e s .  
S c a i f e  (1 9 5 6 )  p r e p a r e d  c o p p e r  c o n t a i n i n g  p r o t e i n s  w i t h  
s e v e r a l  p r o p e r t i e s  o f  t r u e  enzymes f rom  s h e e p ' s  h i d e ’, and  
showed t h e  molybdenum h a d  an i n h i b i t i n g  a c t i o n  on a  number 
o f  t h e s e  p r o t e i n s .
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R a t  E x p e r i m e n t s
R a t s  u s e d  i n  t h e  e x p e r i m e n t s  were  a l b i n o  r a t s  o f  t h e  
H a r v a r d  s t r a i n .  The r a t s  were  m a ted  i n  t h e  r a t i o  2 f e m a le  
t o  1 m a le ,  and  were  m a i n t a i n e d  on a  n o rm a l  s t o c k  d i e t  and 
t a p - w a t e r .  The f e m a l e s  w ere  s e p a r a t e d  and c a g e d  
i n d i v i d u a l l y  a f t e r  t e n  d a y s .
When t h e  l i t t e r s  were  16 d a y s  o l d ,  t h e  f e m a l e s  and  
l i t t e r s  were p u t  on a c a r i o g e n i c  d i e t  w i t h  d e i o n i z e d  w a t e r .  
At 20 d a y s  o l d  t h e  p u p s  were  weaned an d  r a n d o m ly  d i s t r i ­
b u t e d  b e tw e e n  t h e  e x p e r i m e n t a l  g r o u p s .  D u r in g  t h e  p e r i o d  
o f  t h e  e x p e r i m e n t ,  t h e  e x p e r i m e n t a l  a n i m a l s  were  f e d  on a  
c a r i o g e n i c  d i e t  and  d e i o n i z e d  w a t e r  c o n t a i n i n g  v a r y i n g  
c o n c e n t r a t i o n s  o f  molybdenum, c o p p e r  and  s u l p h a t e .
The r a t s  were  m a i n t a i n e d  on t h e  e x p e r i m e n t a l  d i e t  f o r  
25 d a y s  and k i l l e d  on t h e  4 5 t h  d ay  o f  l i f e .  The h e a d s  
w ere  rem oved  and  k e p t  i n  t h e  r e f r i g e r a t o r  u n t i l  d e f l e s h i n g  
was c a r r i e d  o u t ,  a f t e r  w h ic h  t h e  t e e t h  w ere  e x t r a c t e d  f o r  
a n a l y s i s .  D u r in g  t h e  e x p e r i m e n t  t h e  f l u i d  i n t a k e  o f  t h e  
r a t s  was r e c o r d e d  d a i l y  and  t h e i r  w e i g h t s  w e e k l y .
C a r i o g e n i c  D i e t
D u r in g  t h e  p e r i o d  o f  t h e  e x p e r i m e n t ,  t h e  r a t s  w e re  
m a i n t a i n e d  on t h e  f o l l o w i n g  c a r i o g e n i c  d i e t  and  c h e m i c a l  
s a l t  m i x t u r e  f ro m  w h ic h  a l l  c o p p e r  and  s u l p h a t e  h a d  b e e n  
rem o v e d .
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C a r i o g e n i c  d i e t :
I c i n g  s u g a r  72%
C a s e i n  20%
C hem ica l  s a l t s  ( c o p p e r  an d  s u l p h a t e  f r e e  s a l t s )
4% ( s e e  b e lo w )
V i t a m i n s  i n  o i l  2%
V i t a m i n s  i n  w a t e r  2%
C h em ica l  s a l t  m i x t u r e
C a lc iu m  c a r b o n a t e (CaCO,)5 160 gm.
P o t a s s i u m  h y d r o g e n o r t h o p h o s p h a t e ( e 2hpo4 ) 286 gm.
Magnesium c h l o r i d e
/—NOJ
i—1O$ 15 gm.
Sodium c h l o r i d e (NaCl) 134- gm.
F e r r i c  c i t r a t e ( 06h 5 ° 7i-e.5H20) 11 gm.
P o t a s s i u m  i o d i d e ( E l ) 0 .3 gm.
Z inc  c h l o r i d e (Zn012) 1 .3 gm.
C o b a l t o u s  c h l o r i d e o
 
o o
 
(—1 ro 0.1 gm.
E x p e r i m e n t a l  D i e t s
A s e r i e s  o f  e x p e r i m e n t s  w ere  u n d e r t a k e n  on r a t s  i n  
w h ic h  t h e  d e i o n i z e d  w a t e r  c o n t a i n e d  v a r y i n g  c o n c e n t r a t i o n s  
o f  molybdenum, molybdenum and s u l p h a t e ,  molybdenum and  
c o p p e r  o r  molybdenum, c o p p e r  and s u l p h a t e .  The e x p e r i m e n t s  
w ere  n o t  c a r r i e d  o u t  t o g e t h e r ,  b u t  o v e r  a p e r i o d  o f  m o n th s .  
T h i s  was n e c e s s a r y  due t o  t h e  l a r g e  number o f  r a t s  r e q u i r e d .  
B e c a u se  o f  t h i s ,  t h e  molybdenum, c o p p e r  and  s u l p h a t e  
e x p e r i m e n t  h a d  t o  be  c a r r i e d  o u t  i n  two p a r t s ,  p a r t  one 
c o n s i s t i n g  o f  g r o u p s  1 t o  6 and p a r t  two g r o u p s  7 t o  1 2 .
The f o l l o w i n g  t a b l e  g i v e s  a  c o n c i s e  summary o f  t h e  
e x p e r i m e n t s .
Level of Mo
-  2#
Level o f  Cu Level of S0„ Mo cc-nc. in
i
1
Cu conck in
in d r in k in g  
water (ppm)
0
i n  d r in k in g  
w ate r  (ppm)
0
4
in  d r in k in g  
w a te r  (ppm)
0
“in  sample 
(Ppm)
Bexow detec­
t i o n  l i m i t
in  sample 
(ppm).
1 .1 6
0 . 1 0 0 0.145 1 .2 8
0 . 1 0 0 0.160 1.84
0 . 1 0 0 0.37 0.78
0 . 1 20 0 0 . 1 * 3.52
0 . 1 4C 0 Below detec­
t io n  l i m i t
4.57
0 . 1 0 20 0.40 1.75
0 . 1 ■ 0 40 Below detec­
t i o n  l i m i t
1 .0 2
0 . 1 20 20 0.13 *.71
0 . 1 40 20 0.16 4.47
0 . 1 20 40 0 .13 4. 56
0 . 1 40 40 0 .14 5.75
1 . 0 0 0 . 2 .9 6 1.40
1 . 0 0 0 1.65 1.70
1 . 0 0 0 8 .8 2 1.24
,  1 . 0  ' 20 0 0 .6 0 3.30
1 . 0 40 0 1.65 5 .20  .
1 . 0 0 20 4 .0 8 1 .0 2
1 . 0 0 40 5.92 1.91
1 . 0 20 20 0 .67 1 . 4b
1 . 0 40 20 0.79 2.14
1 . 0 20 40 4.19 2 .80
1 . 0 40 40 3.06 3*
1 0 .0 0 0 33.24 1.74
1 0 .0 0 0 1 3 .0 6 1.98
1 0 .0 0 0 21.27 2.32
1 0 .0 20 0 12.94 3.45
1 0 .0 40 0 1 1 .6 ■ 5.70
• 1 0 . 0 0 20 12.85 i .3 5
1 0 .0 0 40 31.23 1.34 .
1 0 . 0 20 20 20.15 2 .66
1 0 . 0 40 20 17.37 3.60 ;
1 0 . 0 20 40 25.75 3.60 4-%,:
1 0 .0 40 40 25.46 6.95 r 4-''
i rv  '■
r.’p 'pi a
r :rrs:
?■ i s  >
f ' 7v:k/
£ • V -f , +
Mo conc. in  
sample 
(ppm)
Cu conc. . 
sampl j
(•ppm), j
Mo conc. in  
in  sample 
(ppm)
Cu conc. in  
in  sample 
(ppm)
I IT
I f ! Mo conc. in  Cu conc. in
sample
.(PPm)
s a m p l e
Belov; d e te c ­
t io n  l i m i t
0.225
0.10
0.24
0 .14
2 .1 8
22 .52
12.27
27.04
2 2 .1 8
1.16 ;Mo expt GROUP 4 Below d e te c ­t i o n  l i m i t
1 .16 Below d e tec­
t i o n  l i m i t
1 .3
3.52
4.57
.Mo expt GROUP 1 
;Mo + Cu expt GROUP 1 
'Mo +
1.16
SO/ expt GROUP 1 
-*•
Mean
Value 0.225 1 .3
0.225 1 .3
•Mo + Cu expt GROUP 4 
IMo + Cu expt GRuUP 7
0 . 1 2  
Belov; d e te c ­
t i o n  l i m i t
’{Mo + SO. expt GROUP 4 
|Mo + S O /  expt GROUP 7
2.71
0 .40  
Below d e te c ­
t i o n  l i m i t
4.47 JMo,Cu + SOa. expt GROUP 1 (1)
4.56  iMo,Cu + SO .^ expt GROUP 2 ( l )
5.75 |Mo,Cu + SO .^ expt GROUP 3 ( l )
  ‘Mo, Cu + SO^ expt GROUP 4 ( l )
0 .1 3
0.16
0 .1 3
0 .1 4
3.52 CUin drinking water '{
4. 57 appears to have no j
_________ effect on Mo content I
1 .75  SO^in drink ing watej
1 . 0 2  appears to have no’]
_________ effect on Mo conten t ,\
2.71 Cu + S0Ain  d r in lo r j
4 .47 w a te r  appears  to  ■
4.56 have no e f f e c t  on ]
5.75 Mo c o n te n t .
Mean Mo 
Value
0.10 3.52
4.57
Mean Mo 
Value
0 .24 1.75 SO- i^n driddng water appears to
1 . 0 2  have no effect on Cu content.
P Mean Mo 
Value 0 .1 4
2.71
4.47
4.56
5.75
•2.14
2.80
3.31
Mo? Cu t  SO^ . exp L GROUP 5 ( l )  
 ^ gQ Mo, Cu + SOU. expt GRuUP 6 (1)
7 ( <^- jMo, Cu + SO.4. exot GRoUP
S04. expt GROUP 8 ( 2 ) 
Mo expt GRCUP~~3 ^
0 .6 7
0 .79
4.19
3.06
1.46
2.14
2 .8 0
3.31
Cu s o * in  drinking
w ate r  appears to  
have no e f f e c t  on 
Mo c o n te n t .
Mean Mo 
Value
2.18
1.46 
2.14 
2 .8 0  
3 >31
2.01 Mo + Cu expt GROUP 3 
•Mo + SO4. expt GROUP 3
Mean
Value 22.52 2 .0 1 22 .5 2 2 .0 1
3.4-1? 
5.70 "MO
Mo
-r Cu expt GROUP 6 
-f Cu expt GROUP 9
12.94
11.6
3.45 Gi in drkg. water auur .td
5.70 . have no effect-Lb cont.
Mean Mo 
Value
l z .2 7 3.45
5.70
1 .35  Mo + SO4 . expt GROUP 6 
S0^_ expt GROUP 9r.r-i'-0
2*oo Mo, Cu, SO^ , expt GROUP 9 
■3.oO;-Mo,Cu,SOi expt GROUP 10 
3. 60 LMo, Cu, S0of expt GROUP 11 
6 -S5 Mo,Cu,SO^ expt GROUP 12
1^ .85
31.23
1 .35  
1 .34
20.15
17 .37
25.75
25.46
2 .6 6
3.60
3.60 
6.95
Cu + SO .^ in chunking 
w a te r  ap p ears  to . 
have no e f f e c t  on 
Mo c o n te n t .
D e te c t io n  l i m i t  f o r  Mo i 3 0 . 0 8  p .p .m . Mo
Mean Mo 
Value
27.04 1 .3 5  SO^in drinking mter appears to
1 . 3 5  have no effect on CU content .
Mean Mo 
Value 22.18
2 .6 6
3.60
3.60 
6.95
1----------------
 ^ Mean Cu 
! Value
4 .4 8 1 .4 1 Mo t Mo 
iMo
expt GROUP 2 
+ Cu expt GRuUP 2 
4* 30/^ . expt GROUP 2
I Mean 
j Value 4.48 1 .4
4i*3
.1
4.48 1 .4
1 . 1 3 3.30
5.20 •MoUv!o
4- Cu expt GROUP 5 
4- Cu e x r t  GROUP 8
0 .6 0
1 .65
3 .3 0  
5.20
-j
Cu in drkg. water sxxrs j 
to have no efect-L'o cafe’
1 Mean Mo 
? Value
1.13 3.30
5.20
5.0 1.47
1 A C
;Mo
JMc
4- SOa. expt GROUP 5 
4- SO^ . expt GROUP 8
4 .0 8
5.92
1 . 0 2
1.91
1
SC/jndrk-;. voter arprs.tl 
have i d  effect-Mo cent. )
Y Mean LIo 
r Value
i.
5.0 1 .0 2
1.91
SO^in drinking water appears to . |  Mean Cu 
have no effect cnCu content. j Value
Mean Cu 
Value
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A n aly s is  o f  R ats  Teeth
P r e p a r a t i o n  o f  S t a n d a r d s
A n a l y s i s  o f  r a t ' s  t e e t h  by  Man sell (I960) showed t h a t  
t h e  f o l l o w i n g  l e v e l s  o f  t r a c e  e l e m e n t s  w ere  p r e s e n t ,
144 ppm. P e ,  2 4 . 0  ppm. Zn, 1 . 7 9  ppm. Mn, 1 .3  ppm. Go 
and 0 . 3  ppm. N i .  I n  t h e  p r e s e n t  s t u d y  1 gm. o f  t o o t h  
sam ple  was d i s s o l v e d  t o  g i v e  30 ml.  o f  s o l u t i o n .  A l l  t h e  
s t a n d a r d s  were p r e p a r e d  i n  100 m l .  q u a n t i t i e s ,  and  t h e r e f o r e  
c o n t a i n e d  t w i c e  t h e  above am ounts  o f  t r a c e  e l e m e n t s ,  t h a t  
i s  300 pgm. F e , 30 pgm. Zn, 4 . 0  pgm. Mn, 3«0 pgm. Go and
1 . 0  pgm. N i .  The s t a n d a r d s  a l s o  c o n t a i n e d  c a l c i u m  and 
p h o s p h o r u s ,  t h e  l e v e l s  o f  w h ic h  were  e q u i v a l e n t  t o  t h e  
r a n g e  o f  c o n c e n t r a t i o n s  e x p e c t e d  i n  t h e  t e e t h .
From e v i d e n c e  o b t a i n e d  i n  t h e  p r e l i m i n a r y  a n a l y s i s  o f  r a t ' s  
t e e t h ,  a l l  molybdenum s t a n d a r d s  were  p r e p a r e d  c o n t a i n i n g  
20 pgm. o f  c o p p e r  w h i l s t  a l l  c o p p e r  s t a n d a r d s  c o n t a i n e d
1 .0  pgm. o f  molybdenum.
A p p r o p r i a t e  c o p p e r  an d  molybdenum s t a n d a r d s  w ere  p r e ­
p a r e d  s e p a r a t e l y  b y  s u i t a b l e  d i l u t i o n s  o f  e i t h e r  t h e  
c o p p e r  o r  molybdenum s t o c k  s o l u t i o n s .  A l l  c o p p e r  and  
molybdenum s t a n d a r d s  c o n t a i n e d  3 m l .  o f  p e r c h l o r i c  a c i d  
(62% ),  5 m l .  o f  t h e  i r o n  and  z i n c  s t o c k  s o l u t i o n ,  1 m l .  
o f  t h e  m a n g a n e s e ,  c o b a l t  and  n i c k e l  s t o c k  s o l u t i o n ,  20 m l .  
o f  t h e  c a l c i u m  s t o c k  s o l u t i o n  and  0 .6  m l .  o f  o r t h o -  
p h o s p h o r i c  a c i d .  Copper  s t a n d a r d s  a l s o  c o n t a i n e d  1 . 0  m l .  
o f  t h e  1 .0  ppm. molybdenum s t o c k  s o l u t i o n ,  w h i l s t  molybdenum 
s t a n d a r d s  a l s o  c o n t a i n e d  1 m l .  o f  t h e  c o p p e r  s t o c k  
s o l u t i o n .
S e p a r a t e  c o p p e r  and molybdenum b l a n k  s o l u t i o n s  were
I
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p r e p a r e d ,  c o n t a i n i n g  a l l  t h e  e l e m e n t s  p r e s e n t  i n  t h e  
s t a n d a r d s  w i t h  t h e  e x c e p t i o n  o f  c o p p e r  and  molybdenum where  
a p p r o p r i a t e .
A known w e i g h t  o f  t o o t h  sam p le  was d i g e s t e d  i n  3 m l .  
o f  p e r c h l o r i c  a c i d  (62%) i n  a  K j e l d a h l  f l a s k .  D i g e s t i o n  
was c o n s i d e r e d  t o  be  c o m p l e t e  when no sam ple  r e m a in e d  i n  
t h e  a c i d  medium and  a l l  c h a r r e d  o r g a n i c  m a t e r i a l  was 
o x i d i z e d  t o  g i v e  a  c l e a r  c o l o u r l e s s  s o l u t i o n .  The s o l u t i o n  
was t r a n s f e r r e d  t o  a  30 m l .  g r a d u a t e d  f l a s k  and  t h e  
K J e l d a h l  f l a s k  r e p e a t e d l y  washed  w i t h  d e i o n i z e d  w a t e r ;  
t h e  w a s h in g s  a l s o  b e i n g  t r a n s f e r r e d  t o  t h e  g r a d u a t e d  f l a s k .  
The s o l u t i o n  i n  t h e  g r a d u a t e d  f l a s k  was a l l o w e d  t o  c o o l  
a f t e r  w h ic h  i t  was made up t o  t h e  g r a d u a t i o n  m ark  w i t h  
d e i o n i z e d  w a t e r .  The sam ple  b l a n k  c o n t a i n i n g  3 m l .  o f  
p e r c h l o r i c  a c i d  (62%) was t r e a t e d  i n  t h e  same m a n n e r .
The pH o f  t h e  sam p le  s o l u t i o n  was c h e c k e d  t o  e n s u r e  
i t  f e l l  w i t h i n  t h e  e x t r a c t i o n  pH r a n g e  o f  1 .1  t o  1 . 6 .
40  m l .  o f  t h e  sam ple  s o l u t i o n  was t r a n s f e r r e d  t o  a 
s t o p p e r e d  c o n i c a l  f l a s k ,  f o l l o w e d  by  t h e  a d d i t i o n  o f  a 5% 
w /v  aq u eo u s  s o l u t i o n  o f  ammonium p y r r o l i d i n e  d i t h i o c a r b a m a t e  
and  4 m l .  o f  m e t h y l  i s o b u t y l  k e t o n e .  The r e s u l t i n g  s o l u ­
t i o n  was s h a k e n  f o r  3 m i n u t e s  and  t h e n  t r a n s f e r r e d  t o  a  
s e p a r a t i n g  f u n n e l  w here  t h e  two p h a s e s  were  a l l o w e d  t o  
s e p a r a t e  f o r  4  m i n u t e s .  The lo w e r  a q u eo us  p h a s e  was d i s ­
c a r d e d  and t h e  o r g a n i c  p h a s e  a s p i r a t e d  i n t o  a n  a i r -  
a c e t y l e n e  f l a m e  t o  a n a l y s e  f o r  c o p p e r  a n d  i n t o  a  n i t r o u s  
o x i d e - a c e t y l e n e  f l a m e  t o  a n a l y s e  f o r  molybdenum. The 
sam p le  b l a n k  was e x t r a c t e d  by  t h e  same m ethod .
S u i t a b l e  c o p p e r  and  molybdenum s t a n d a r d s  and b l a n k s
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were  e x t r a c t e d  by  t h e  above p r o c e d u r e  and  a s p i r a t e d  t o  
o b t a i n  a  c a l i b r a t i o n  g r a p h .
C a l c u l a t i o n
W eight  o f  sam ple  = W gms.
C o n c e n t r a t i o n  o f  a q u eo u s  sam ple  s o l u t i o n
f rom  c a l i b r a t i o n  g r a p h  = C ppm.
Volume o f  a q u eo u s  s o l u t i o n  o f  sam p le  = 50 m l.
WC o n c e n t r a t i o n  o f  e l e m e n t  i n  sam ple  = ppm,
The f l u i d  i n t a k e  o f  d i f f e r e n t  g r o u p s  o f  r a t s  d i f f e r e d ;  
t h i s  would  a f f e c t  t h e  l e v e l s  o f  t h e  e l e m e n t  i n  t h e  s a m p le ,  
h e n c e  a l l  f l u i d  i n t a k e s  were  a d j u s t e d  t o  1000 m l .  t o  
e n a b l e  a  d i r e c t  c o m p a r i s o n  t o  be  c a r r i e d  o u t .
F l u i d  i n t a k e  o f  r a t e  = f  m l.
A d j u s t e d  c o n c e n t r a t i o n  o f  e l e m e n t  i n  sam ple
z50Cn 1000
= W •) ppm*
= X 104  ppm.
A d j u s t e d  c o n c e n t r a t i o n  o f  e l e m e n t  i n  sam ple
= 104  ( | ^ )  ppm.
D i s c u s s i o n  o f  R e s u l t s
1 .  D r i n k i n g  w a t e r  w i t h o u t  any  a d d ed  t r a c e  e l e m e n t s  
The c o p p e r  c o n t e n t  o f  t e e t h  f rom  r a t s  f e d  on a  
c a r i o g e n i c  d i e t  and d e i o n i z e d  w a t e r  was 1 . 1 6  p p m . ,  w h i l s t  
t h e  molybdenum c o n t e n t  was b e lo w  t h e  d e t e c t i o n  l i m i t  o f  
t h e  a n a l y t i c a l  m ethod  ( b e lo w  0 . 0 8  ppm. m olybdenum ).
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2 .  D r i n k i n g  w a t e r  w i t h  ad d ed  molybdenum
R a t s  f e d  0 .1  p p m . ,  1 . 0  p p m . ,  and  1 0 . 0  ppm. molybdenum 
i n  t h e  d r i n k i n g  w a t e r  had  c o r r e s p o n d i n g  mean l e v e l s  o f  
molybdenum i n  t h e  t e e t h  o f  0 . 2 2 5  ppm. , 4-.4-8 p p m . ,  and 
2 2 . 5 2  ppm. These  r e s u l t s  i n d i c a t e  t h a t  t h e  molybdenum 
c o n t e n t  i n  t h e  t e e t h  i n c r e a s e d  as  t h e  molybdenum c o n c e n ­
t r a t i o n  o f  t h e  d r i n k i n g  w a t e r  i n c r e a s e d .  The i n c r e a s e  i s  
e x a c t l y  l i n e a r  when c o m p a r in g  0 .1  ppm., and  1 0 . 0  ppm. l e v e l s .
When t h e  c o n c e n t r a t i o n  o f  molybdenum i n  t h e  d r i n k i n g  
w a t e r  i s  com pared  w i t h  t h e  molybdenum c o n c e n t r a t i o n  i n  t e e t h  
t h e  two v a l u e s  a r e  o f  t h e  same m a g n i t u d e ,  f o r  e x a m p le ,  a  
molybdenum c o n c e n t r a t i o n  o f  l e s s  t h a n  u n i t y  r e s u l t s  i n  a 
c o n c e n t r a t i o n  i n  t e e t h  o f  l e s s  t h a n  u n i t y .  E x a m i n a t i o n  o f  
o t h e r  c o n c e n t r a t i o n s  s u p p o r t s  t h i s  r e l a t i o n s h i p .
I n  t h e  c a s e  o f  t h e  1 . 0  ppm. l e v e l ,  t h e  molybdenum 
c o n t e n t  o f  t h e  t e e t h  i s  d o u b l e  t h a t  o f  t h e  e x p e c t e d  v a l u e ,  
a l t h o u g h  o f  t h e  e x p e c t e d  m a g n i t u d e . T h i s  may b e  due i n  
some p a r t  t o  t h e  s e n s i t i v i t i e s  o f  d i f f e r e n t  l i t t e r s  t o  
molybdenum u p t a k e .  Change i n  s e n s i t i v i t y  b e tw e e n  l i t t e r s  
i s  c l e a r l y  i n d i c a t e d  by  t h e  l a r g e  d i v e r g e n c e  i n  t h e  
molybdenum c o n t e n t  o f  t h e  g ro u p  2 sam p le  i n  t h e  molybdenum 
and s u l p h a t e  e x p e r i m e n t .  I f  t h i s  h i g h  r e s u l t  o f  8 . 8 2  
ppm. molybdenum i s  n e g l e c t e d  and a  mean v a l u e  t a k e n  o f  t h e  
o t h e r  two r e s u l t s  (mean v a l u e  2 .50  ppm. m o lybdenum ),  a  
c o m p l e t e l y  l i n e a r  r e l a t i o n s h i p  b e tw e e n  molybdenum i n  
d r i n k i n g  w a t e r ,  and  a b s o r p t i o n  i n  t h e  t e e t h  c a n  b e  shown.
By t h i s  m o d i f i c a t i o n  o f  t h e  r e s u l t s  d r i n k i n g  w a t e r  c o n c e n ­
t r a t i o n s  o f  0 .1  p p m . ,  1 . 0  p p m . ,  and 1 0 . 0  ppm. molybdenum 
c o r r e s p o n d  t o  t o o t h  c o n c e n t r a t i o n s  o f  0.225  p p m . ,  2 .50  ppm.
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and 22.52  ppm.
By w h i c h e v e r  m ethod  t h e  r e s u l t s  a r e  e v a l u a t e d  i t  i s  
e v i d e n t  t h a t  molybdenum a b s o r p t i o n  i n c r e a s e s  a s  t h e  
molybdenum c o n c e n t r a t i o n  o f  t h e  d r i n k i n g  w a t e r  i s  i n c r e a s e d .  
I t  was a l s o  n o t e d  t h a t  a s  t h e  molybdenum c o n c e n t r a t i o n  o f  
t h e  d r i n k i n g  w a t e r  i n c r e a s e d  t h e  c o p p e r  c o n t e n t  o f  t h e  
t e e t h  r e m a i n e d  u n c h a n g e d .
3* D r i n k i n g  w a t e r  w i t h  a d d e d  molybdenum and  c o o p e r
As t h e  c o n c e n t r a t i o n  o f  c o p p e r  i n  t h e  d r i n k i n g  w a t e r  
i n c r e a s e d  o v e r  t h e  r a n g e  f ro m  z e r o  t o  4-0.0 ppm. t h e r e  were  
c o r r e s p o n d i n g  i n c r e a s e s  i n  t h e  c o p p e r  a b s o r p t i o n  i n  t h e  
t e e t h .  I n c r e a s e  i n  t h e  c o p p e r  c o n t e n t  o f  t h e  d r i n k i n g  
w a t e r  f rom  z e r o  t o  2 0 . 0  ppm. gave  r i s e  t o  an  i n c r e a s e  i n  t h e  
mean c o n c e n t r a t i o n  b a n d  o f  c o p p e r  f rom  1 . 1 6  ppm. -  1.70  
ppm. t o  2 . 8 3  ppm. -  3*52 ppm. S i m i l a r l y ,  a s  t h e  l e v e l  o f  
c o p p e r  i n  t h e  d r i n k i n g  w a t e r  was i n c r e a s e d  f rom  2 0 . 0  ppm. 
t o  4-0.0 p p m . ,  t h e  c o p p e r  i n  t h e  t e e t h  i n c r e a s e d  f rom  a  mean 
c o n c e n t r a t i o n  b a n d  o f  2 . 8 3  ppm. -  3 -5 2  ppm. t o  4-.25 ppm. -  
5 . 2 0  ppm. c o p p e r .  T h e r e f o r e ,  a s  t h e  c o p p e r  l e v e l  i n  t h e  
d r i n k i n g  w a t e r  i n c r e a s e d  b y  a  f a c t o r  o f  2 ,  t h e  i n c r e a s e  i n  
c o p p e r  i n  t h e  t e e t h  was by  a  f a c t o r  w h ic h  l a y  b e tw e e n  1 . 3  
and  1 . 6 .
I n c r e a s e s  i n  t h e  c o p p e r  a b s o r p t i o n  by  t h e  t e e t h  due 
t o  i n c r e a s e d  c o p p e r  l e v e l s  i n  t h e  d r i n k i n g  w a t e r  a r e  r e l a ­
t i v e l y  s m a l l e r  t h a n  s i m i l a r l y  r e s u l t i n g  i n c r e a s e s  i n  
molybdenum a b s o r p t i o n .  A l s o ,  a t  any g i v e n  molybdenum 
c o n c e n t r a t i o n  o f  t h e  d r i n k i n g  w a t e r  t h e  u p t a k e  o f  molybdenum 
i n  t h e  t e e t h  was o f  t h e  same o r d e r ,  t h a t  i s  a t  t h e  1 0 . 0  ppm.
-  253 -
l e v e l  o f  c o n c e n t r a t i o n  o f  molybdenum i n  t h e  t e e t h  was 
2 2 . 5 0  ppm. However ,  t h e  c o p p e r  c o n c e n t r a t i o n  o f  t h e  t e e t h  
was s i g n i f i c a n t l y  l o w e r  t h a n  t h e  l e v e l  o f  c o p p e r  i n  t h e  
d r i n k i n g  w a t e r ,  t h a t  i s  a t  4-0.0 ppm. c o p p e r  l e v e l  t h e  
c o p p e r  c o n t e n t  o f  t h e  t e e t h  was 5 .2 0  ppm. T h e r e f o r e ,  i t  
a p p e a r s  t h a t  t h e  b e h a v i o u r  o f  t h e  t e e t h  r e l a t i v e  t o  
molybdenum and c o p p e r  i s  t o  c o n c e n t r a t e  molybdenum t o  a  
m arked  e x t e n t  and  c o p p e r  t o  a  l e s s e r  e x t e n t .
T h ere  was no s i g n i f i c a n t  c h a n g e  i n  t h e  molybdenum 
c o n t e n t  o f  t h e  t e e t h  a s  t h e  c o p p e r  c o n c e n t r a t i o n  o f  t h e  
d r i n k i n g  w a t e r  was i n c r e a s e d .  F o r  e x a m p le ,  a t  t h e  1 0 . 0  
ppm. molybdenum l e v e l  i n  t h e  d r i n k i n g  w a t e r  t h e  molybdenum 
c o n c e n t r a t i o n  o f  t h e  t e e t h  was 13*06 ppm. , 12.94- ppm. , and  
1 1 . 6 0  ppm. a s  t h e  c o p p e r  c o n c e n t r a t i o n  o f  t h e  d r i n k i n g  
w a t e r  i n c r e a s e d  f£om z e r o  t o  4-0.0 ppm.
4-. D r i n k i n g  w a t e r  w i t h  a d d e d  molybdenum and s u l p h a t e
The p r e s e n c e  o f  s u l p h a t e  i n  t h e  d r i n k i n g  w a t e r  p r o ­
d u c e d  a b e h a v i o u r  s i m i l a r  t o  t h a t  o f  c o p p e r ,  i n  t h a t  i t  
p r o d u c e d  no e f f e c t  on t h e  molybdenum a b s o r p t i o n  i n  t h e  t e e t h .  
F o r  e x a m p le ,  where  t h e  l e v e l  o f  molybdenum i n  t h e  d r i n k i n g  
w a t e r  was 1 . 0  p p m . ,  t h e  molybdenum c o n c e n t r a t i o n  o f  t h e  
t e e t h  was 5*92 ppm. and 4-.08 ppm. a t  2 0 . 0  ppm. s u l p h a t e  
an d  4-0.0 ppm. s u l p h a t e  r e s p e c t i v e l y .  S i m i l a r l y ,  an  i n ­
c r e a s e  i n  t h e  s u l p h a t e  c o n c e n t r a t i o n  o f  t h e  d r i n k i n g  w a t e r  
c a u s e d  no ch ang e  i n  t h e  c o p p e r  c o n t e n t  o f  t h e  t e e t h ,  w h ic h  
f e l l  w i t h i n  t h e  r a n g e  o f  1 . 0 2  ppm. t o  1.91  ppm. c o p p e r  
co m p a red  w i t h  t h e  r a n g e  1 . 1 6  t o  1.70  ppm. c o p p e r  f o r  t e e t h  
w h ic h  h a d  n o t  r e c e i v e d  any s u l p h a t e  i n  t h e  d r i n k i n g  w a t e r .
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T h e r e f o r e ,  t h e  p r e s e n c e  o f  s u l p h a t e  i n  t h e  d r i n k i n g  
w a t e r  does n o t  a f f e c t  t h e  molybdenum a b s o r p t i o n  n o r  t h e  
c o p p e r  c o n t e n t  o f  t h e  t e e t h .
5* D r i n k i n g  w a t e r  w i t h  molybdenum, c o o p e r  and s u l p h a t e
The p r e s e n c e  o f  b o t h  c o p p e r  and s u l p h a t e  i n  t h e  
d r i n k i n g  w a t e r  showed no a p p a r e n t  i n f l u e n c e  on  t h e  
molybdenum a b s o r p t i o n  i n  t h e  t e e t h .  T h i s  c a n  be  demon­
s t r a t e d  w i t h  t h e  f o l l o w i n g  molybdenum c o n c e n t r a t i o n s  i n  
t h e  t e e t h  o f  25*75 p p m . , and  25*4-6 ppm. w h ich  were  
o b s e r v e d  w i t h  d r i n k i n g  w a t e r  c o n t a i n i n g  1 0 . 0  ppm. m olyb­
denum, 2 0 . 0  ppm. c o p p e r  and  4-0.0 ppm. s u l p h a t e  and  w i t h  
t h e  c o p p e r  l e v e l  i n c r e a s e d  t o  4-0.0 ppm. r e s p e c t i v e l y .
The e n h an c em en t  i n  c o p p e r  c o n t e n t  o f  t h e  t e e t h  p r o ­
d u c e d  by  an i n c r e a s e d  c o p p e r  c o n c e n t r a t i o n  i n  t h e  d r i n k i n g  
w a t e r  was fo u n d  t o  i n c r e a s e  f u r t h e r  w i t h  t h e  a d d i t i o n a l  
p r e s e n c e  o f  s u l p h a t e .  Fo r  e x a m p le ,  where  t h e  d r i n k i n g  
w a t e r  c o n t a i n e d  0 .1  ppm. molybdenum, 2 0 . 0  ppm. c o p p e r  and 
2 0 . 0  ppm. s u l p h a t e  t h e  c o p p e r  c o n t e n t  o f  t h e  t e e t h  was 
2 . 7 6  p p m . ,  when t h e  s u l p h a t e  l e v e l  was i n c r e a s e d  t o  4-0.0 
ppm. t h e r e  was an i n c r e a s e  i n  t h e  c o p p e r  c o n c e n t r a t i o n  t o  
4-.56 ppm.
6 .  G e n e r a l  O b s e r v a t i o n s
Molybdenum a b s o r p t i o n  i n  t e e t h  f rom  d i f f e r e n t  l i t t e r s  
v a r i e d  c o n s i d e r a b l y  f o r  t h e  same c o n c e n t r a t i o n  o f  
molybdenum i n  t h e  d r i n k i n g  w a t e r .  F o r  e x a m p le ,  w i t h  1 0 . 0  
ppm. molybdenum i n  t h e  d r i n k i n g  w a t e r ,  r a t s  b r e d  f o r  t h e  
molybdenum e x p e r i m e n t  h a d  a  molybdenum c o n c e n t r a t i o n  i n
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t h e  t e e t h  o f  55*24- ppm. w h i l s t  t h o s e  b r e d  f o r  t h e  molybdenum 
and  c o p p e r  e x p e r i m e n t  h a d  a molybdenum c o n c e n t r a t i o n  o f  
15*06 ppm. V a r i a t i o n s  i n  t h e  c o p p e r  c o n c e n t r a t i o n  o f  t e e t h  
f rom  d i f f e r e n t  l i t t e r s  were  n o t  o b s e r v e d  w i t h  t h e  c o n c e n ­
t r a t i o n s  a lw a y s  f a l l i n g  i n  t h e  r a n g e  o f  1 . 1 6  ppm. -  1 .70  ppm.
Hence i t  a p p e a r s  t h a t  t h e  a b s o l u t e  v a l u e  f o r  t h e  
molybdenum a b s o r p t i o n  o f  t h e  t e e t h  i s  d e p e n d e n t  on t h e  l e v e l  
o f  d i e t a r y  molybdenum w i t h  a  v a r i a t i o n  o c c u r r i n g  b e tw e e n  
l i t t e r s .  The molybdenum a b s o r p t i o n  i s  i n d e p e n d e n t  o f  
d i e t a r y  c o p p e r  and  s u l p h a t e .
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n-BUTYL CYANOACRYLATE AS A PULP CAPPING AGENT
n - B u t y l  c y a n o a c r y l a t e  was employed  a s  an  a d h e s i v e  
and  h a e m o s t a t i c  p u l p  c a p p i n g  a g e n t .  T h i s  was com pared  
w i t h  c a l c i u m  h y d r o x i d e  and z i n c  o x i d e  and  e u g e n o l .  The 
r e s u l t s  o f  t h i s  s t u d y  showed t h a t  n - b u t y l  c y a n o a c r y l a t e  
and  z i n c  o x i d e  and  e u g e n o l  f a i l e d  t o  p r o d u c e  s a t i s f a c t o r y  
d e n t i n e  b a r r i e r s  w h e r e a s  c a l c i u m  h y d r o x i d e  was m ost  
s a t i s f a c t o r y  i n  t h i s  r e s p e c t .
F o r  more t h a n  two c e n t u r i e s  c l i n i c i a n s  have  a t t e m p t e d  
t o  p r e s e r v e  t h e  v i t a l i t y  o f  t h e  e x p o s e d  d e n t a l  p u l p  b y  
p u l p  c a p p i n g .  Many o f  t h e  m a t e r i a l s  a n d  m e d ic a m e n ts  u s e d  
i n  e f f o r t s  t o  p r o m o te  p u l p  h e a l i n g  h ave  b e e n  d o cu m en ted  
b y  G l a s s  and  Z an d e r  (194-9) •
S i n c e  t h e n  f a v o u r a b l e  p u l p a l  r e s p o n s e s  hav e  b e e n  
o b s e r v e d  b e n e a t h  c a l c i u m  h y d r o x i d e  d r e s s i n g s  (Berman and 
M a s s l e r  1958 ,  G l a s s  and Z an d e r  194-9? Nyborg 1 9 5 8 ) ,  and  f o r  
many y e a r s  i t  h a s  b e e n  t h e  c a p p i n g  m a t e r i a l  o f  c h o i c e .
R e c e n t l y  a l k y l - 2 - c y a n o a c r y l a t e s  h av e  b e e n  u s e d  s u c c e s s ­
f u l l y  a s  b i o l o g i c a l  t i s s u e  a d h e s i v e s  i n  a  w ide  v a r i e t y  o f  
s u r g i c a l  p r o c e d u r e s  ( B h a s k a r  and  O u t r i g h t  1969? F r i s c h  and  
B h a s k a r  1967? H e a l e y  e t  a l .  196 1 ,  M a th e r  a n d  T e r r y  1 9 6 5 ) .
I n  d e n t i s t r y  t h e y  h ave  b e e n  u s e d  w i t h o u t  s u c c e s s  f o r  t h e  
r e - p l a n t a t i o n  o f  t e e t h  (H u e b sc h  1 9 6 7 ) .  T h e i r  u s e  i n  a  
c o m p o s i t i v e  fo rm  a s  enam el  f i s s u r e  s e a l a n t s  h a s  p r o d u c e d  
c o n f l i c t i n g  r e p o r t s  ( C u e to  and  Buonocore  1967? P a r k h o u s e  
and  W in t e r  1 9 7 1 ) •
The c y a n o a c r y l a t e  monomers f u n c t i o n  a s  h a e m o s t a t i c  and
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b a c t e r i o s t a t i c  a g e n t s  and  a r e  c l a i m e d  t o  be w e l l  t o l e r a t e d  
by  b i o l o g i c a l  t i s s u e s ,  t h e r e b y  p e r m i t t i n g  n o rm a l  h e a l i n g .  
T hese  p r o p e r t i e s  and  t h e  e a s e  o f  a p p l i c a t i o n  c o u l d  f a v o u r  
t h e i r  u se  a s  p u l p  c a p p i n g  a g e n t s  i f  p u l p a l  r e s p o n s e s  were  
f a v o u r a b l e .
E v a lu a t io n  of t h i s  p o t e n t i a l  use have been  made on 
v i t a l  p u lp  t i s s u e  o f  swine (Bhaskar e t  a l .  1969) and o f  
human t e e t h  (Berkman e t  a l .  1971)? u s in g  i s o b u t y l  cyano­
a c r y l a t e  monomer as an ad h es iv e  capp ing  a g e n t .  These 
s tu d i e s  have i n d i c a t e d  t h a t  r e p a r a t i v e  d e n t in e  b r id g e s  
co u ld  be formed im m edia te ly  b e n e a th  th e  d r e s s in g .
The tim e i n t e r v a l  between pu lp  cap p in g  and r e p a r a t i v e  
d e n t in e  b r id g e  fo rm a tio n  was p ro lo n g ed  w ith  c y a n o a c ry la te s  
when compared w ith  ca lc iu m  hydrox ide  as a capp ing  m a t e r i a l .
The c h a r a c t e r i s t i c  zone o f  n e c r o s i s  w h ic h  i s  f o u n d  
b e t w e e n  a  c a l c i u m  h y d r o x i d e  d r e s s i n g  and  t h e  r e p a r a t i v e  
d e n t i n e  b r i d g e  d i d  n o t  a p p e a r  b e n e a t h  c y a n o a c r y l a t e  
d r e s s i n g s .  I t  was c o n s i d e r e d  t h a t  t h e  h a e m o s t a t i c  e f f e c t  
o f  t h e  c y a n o a c r y l a t e  was a d v a n t a g e o u s .
The p u r p o s e  o f  t h e  p r e s e n t  work was t o  e v a l u a t e  t h e  
u s e  o f  n - b u t y l - c y a n o a c r y l a t e  a s  a  p u l p  c a p p i n g  a g e n t ,  t o  
a s s e s s  t h e  r e p a r a t i v e  r e s p o n s e  o f  t h e  p u l p  t o  t h i s  m a t e r i a l ,  
and  t o  compare  i t  w i t h  c a l c i u m  h y d r o x i d e  and  z i n c  o x i d e .
The t e c h n i q u e s  u s e d  were  s i m i l a r  t o  t h o s e  d e s c r i b e d  b y  
Nyborg  ( 1 9 5 5 ) •
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M a te r ia ls  and Methods
T h i r te e n  Beagle dogs and b i t c h e s  aged between 6-J 
months and 17 months were a n a e s th e t i s e d  u s in g  25  mg. 
Thiopentone sodium p e r  Kg. body w e ig h t .
C e rv ic a l  a c ce ss  c a v i t i e s  were c u t  in  th e  b u c c a l  
s u r f a c e s  o f  th e  m a x i l la ry  and m andibu lar  c a n in e s  o f  f i v e  
dogs and i n  th e  can ine  t e e t h  and t h i r d  m a x i l la ry  i n c i s o r  
t e e t h  i n  th e  rem a in in g  e ig h t  dogs.
The c a v i t i e s  were c u t  w i th  a No. 5 round s t e e l  bu r  
fo llo w ed  by a No. 5 c y l i n d r i c a l  f i s s u r e  b u r  to  about 2£ mm. 
d e p th .  The speed o f  bur r o t a t i o n  was l im i t e d  t o  a p p ro x i­
m ate ly  10,000 r .p .m .  and w a te r  sp ray  c o o la n t  was used  
th ro u g h o u t a c c e ss  c a v i ty  p r e p a r a t i o n .
The p u lp s  o f  th e  68 t e e t h  were exposed th ro u g h  th e  
a x i a l  w a l ls  o f  th e  a c c e s s  c a v i t i e s  u s in g  s t e r i l e  No. -J- 
round  b u rs  r o t a t i n g  a t  ap p ro x im a te ly  2 ,000  r .p .m .  w ith o u t  
w a te r  c o o la n t .
Twenty-two exposu res  were capped w ith  ca lc ium  
h y d ro x id e* , tw elve  w ith  slow s e t t i n g  z in c  oxide and eugenol 
cement and t h i r t y - f o u r  were c o a te d  w i th  n - b u ty l  cyano­
a c r y l a t e .* *  These m a te r i a l s  were p la c e d  over th e  exposed 
p u lp a l  t i s s u e s  w i th  a f l a t  p l a s t i c  in s t ru m e n t .  The ca lc iu m  
hydrox ide  and c y a n o a c ry la te  d r e s s in g s  were covered  and p r o ­
t e c t e d  w ith  z in c  ox ide and eugenol cem ent. In  each  dog 
u n t r e a te d  t e e t h  were used  as  c o n t r o l s .
* C a lx y l ,  O tto  and Oo., 57 M e t z l e r s t r a s s e , F r a n k f u r t .
** Oyanodont, M.T. G e n d ra u lt ,  P harm acien , 29 ru e  des 
p e t i t e s - e c u r i e s , P a r i s  I0 e .
- 261 -
The t r e a t e d  and c o n t r o l  t e e t h  were  e x c i s e d  t o g e t h e r  
w i t h  t h e  s u r r o u n d i n g  a l v e o l a r  hone  a t  p o s t  o p e r a t i v e  
i n t e r v a l s  o f  f o u r  and  f o u r t e e n  w e ek s .  The a p i c a l  one 
t h i r d  o f  t h e  r o o t s  was rem oved  and t h e  sp e c im e n s  f i x e d  i n  
10% f o r m a l i n .  A f t e r  d e c a l c i f i c a t i o n  t h e  t e e t h  were  
e m b e d d e d  i n  p a r a f f i n ,  s e c t i o n s  c u t  a t  7 p i n  b u c c o - l i n g u a l  
s e c t i o n  t h r o u g h  t h e  p u l p a l  e x p o s u r e  and s t a i n e d  w i t h  
h a e m a t o x y l i n  and  e o s i n .
R e s u l t s
Of t h e  68 t r e a t e d  e x p o s e d  p u l p s  t h r e e  were  l o s t  a s  a  
r e s u l t  o f  d r e s s i n g s  w a s h in g  o u t ;  two were  n o t  s e c t i o n e d  
t h r o u g h  t h e  e x p o s u r e s  and  f o u r  w ere  l o s t  a s  a  r e s u l t  o f  
damage t o ,  o r  l o s s  o f  t h e  p u l p  d u r i n g  e x c i s i o n  o r  r o o t  
s e c t i o n i n g .  Of t h e s e  n i n e  s p e c i m e n s ,  f i v e  c o n t a i n e d  
c a l c i u m  h y d r o x i d e  d r e s s i n g s ,  two z i n c  o x i d e  and e u g e n o l  
and  two c y a n o a c r y l a t e  d r e s s i n g s .
H i s t o l o g i c a l  O b s e r v a t i o n s
M i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  s e r i a l  s e c t i o n s  showed 
t h a t  e a c h  sp e c im e n  c o u l d  be  a l l o c a t e d  t o  one o f  f i v e  
s u b g r o u p s  c o n t a i n e d  w i t h i n  two m a jo r  g r o u p s .  The two 
m a jo r  g r o u p s  were  s a t i s f a c t o r y  and  u n s a t i s f a c t o r y  p u l p a l  
r e s p o n s e s .
S a t i s f a c t o r y  -  The two s u b g r o u p s  o f  t h e  s a t i s f a c t o r y  
r e s p o n s e  g ro u p  w e r e :
a )  O o m ple ted  b r i d g e :  i n  w h ic h  a  s e c o n d a r y  d e n t i n e
b a r r i e r  was f u l l y  fo rm ed  and  c l o s e d  o v e r  a  p u l p  w h ic h
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a p p e a r e d  n o rm a l  t h r o u g h o u t  t h e  s e r i a l  s e c t i o n s  and
b )  P a r t i a l l y  c o m p l e t e d  b r i d g e :  i n  w h ich  c l o s u r e  o f
a  s e c o n d a r y  d e n t i n e  b a r r i e r  a p p r o a c h e d  c o m p l e t i o n .  I n  
t h e  a b s e n c e  o f  any i n f l a m m a t i o n  o f  t h e  p u l p ,  t h e  p r o g n o s i s  
f o r  c o m p l e t i o n  o f  t h e  b a r r i e r  was c o n s i d e r e d  t o  b e  good .
U n s a t i s f a c t o r y  -  The s u b g r o u p s  o f  t h e  u n s a t i s f a c t o r y  
r e s p o n s e  g ro u p  w e r e :
c )  I n c o m p l e t e  b r i d g e :  i n  w h ic h  b r i d g e  f o r m a t i o n  was
w e l l  e s t a b l i s h e d  b u t  t h e  p r o g n o s i s  f o r  c o m p l e t i o n  o f  t h e  
b a r r i e r  was c o n s i d e r e d  t o  be  p o o r  on a c c o u n t  o f  a s s o c i a t e d  
p u l p a l  i n f l a m m a t i o n .
d)  P o o r  b a r r i e r s :  w here  t h e  d e g r e e  o f  s e c o n d a r y
d e n t i n e  f o r m a t i o n  was m in im a l  and  where  s e v e r e  l o c a l  o r  
g e n e r a l i s e d  i n f l a m m a t i o n  o f  t h e  p u l p  was a p p a r e n t .
e )  No b a r r i e r s :  where  t h e r e  was no e v i d e n c e  o f  an y
a t t e m p t  a t  f o r m a t i o n  o f  a  s e c o n d a r y  d e n t i n e  b a r r i e r .
The r e s u l t s  a r e  su m m ar i se d  i n  T a b l e s  1 and  2 .
Z inc  Oxide  and  E u g e n o l  D r e s s i n g s
I n  n i n e  o f  t h e  t e n  r e m a i n i n g  t e e t h  t r e a t e d  w i t h  z i n c  
o x i d e  and  e u g e n o l  t h e r e  was l i t t l e  e v i d e n c e  o f  d e n t i n e  
b r i d g i n g .  I n  t h r e e  o f  t h e s e  c a s e s  a g g r e g a t i o n  o f  i r r e g u l a r  
d i s c r e t e  a r e a s  o f  m i n e r a l i s i n g  m a t r i x  p r o d u c e d  some fo rm  
o f  b a r r i e r ,  b u t  t h e r e  was no a p p o s i t i o n  o f  s e c o n d a r y  d e n t i n e  
f r o m ,  o r  c o n t i n u i t y  w i t h  t h e  c a v i t y  m a r g i n s .  C a l c i o -  
t r a u m a t i c  l i n e s  were  f a i n t  and  i n  g e n e r a l  t h e r e  was no 
e v i d e n c e  o f  i n c r e a s e d  d e p o s i t i o n  o f  s e c o n d a r y  d e n t i n e  o r  o f  
an  i n c r e a s e d  w i d t h  o f  t h e  p r e - d e n t i n e  l a y e r  a d j a c e n t  t o  t h e
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T a b le  1 
S a t i s f a c t o r y  R e s p o n s e s
B a r r i e r Weeks Z inc  O x i d e /  E u g e n o l
C a lc iu m
H y d ro x id e
B u t y l
C y a n o a c r y l a t e
Com ple te A 8 NONE
14 NONE 1 NONE
Alm ost
Com ple te 4 2 1
14 1 NONE NONE
TOTAL 1 11 1
T a b le  ; 
U n s a t i s f a c t o r y
2
R e s p o n s e s
B a r r i e r »*«■» Z1S 8S * /
C a lc iu m
H y d ro x id e
B u t y l
C y a n o a c r y l a t e
E s t a b ­
l i s h e d 4 1 4
14 3 2 2
P o o r 4 NONE 3
14 3 3 12
No
b a r r i e r 4 NONE 4
14 3 NONE 6
TOTAL 9 6 31
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m a r g i n s  o f  t h e  c a v i t y .  F r a c t u r e d  s p u r s  o f  m i n e r a l i s e d  
d e n t i n e  r e m a i n e d  a t t a c h e d  t o  t h e  m a r g i n s  o f  f o u r  e x p o s u r e  
c a v i t i e s  ( F i g .  1 ) ,  w i t h  t h e i r  f r e e  e n d s  p r o j e c t i n g  i n t o  
t h e  p u l p  t i s s u e s .
N e i t h e r  o d o n t o b l a s t s  n o r  p r e d e n t i n e  l a y e r s  w ere  
p r e s e n t  o v e r  t h e s e  p r o j e c t i o n s ,  and t h e  l o c a t i o n  o f  t h e  
c a l c i o - t r a u m a t i c  l i n e s  i n d i c a t e d  t h a t  t h e s e  s p u r s  were  
p r o b a b l y  composed o f  n o n - m i n e r a l i s e d  p r e d e n t i n e  a t  t h e  
t i m e  o f  o p e r a t i v e  e x p o s u r e .
The p u l p  t i s s u e s  o f  n i n e  t e e t h  were  d i f f u s e l y  i n f i l t r ­
a t e d  w i t h  p o l y m o r p h o n u c l e a r  l e u c o c y t e s ,  w h ic h  were  f o u n d  
i n  g r e a t e s t  num bers  a d j a c e n t  t o  t h e  e x p o s u r e s  a lm o s t  
o b l i t e r a t i n g  t h e  n o rm a l  c e l l u l a r  a r c h i t e c t u r e  ( F i g .  2 ) .
O t h e r  s i g n s  o f  p u l p a l  r e a c t i o n  w ere  e v i d e n t  s u c h  a s  
d i l a t i o n  and  c o n g e s t i o n  o f  t h e  b l o o d  v e s s e l s  w i t h  e x t r a ­
v a s a t i o n  o f  r e d  c o r p u s c l e s .  The f o r m a t i o n  o f  v a c u o l e s  
and  d i s i n t e g r a t i o n  o f  t h e  c e l l u l a r  e l e m e n t s  o f  t h e  p u l p  
w ere  e v i d e n t  i n  a l l  s e c t i o n s  i n  t h i s  g r o u p .
An u n u s u a l  fo rm  o f  c l o s u r e  was n o t e d  i n  t h r e e  i n s t a n c e s  
i n  w h ic h  t h e  e x p o s u r e  h a d  b e e n  a l m o s t  o c c l u d e d  b y  t h e  
m i n e r a l i s a t i o n  o f  o r g a n i s e d  m a t e r i a l  l y i n g  w i t h i n  t h e  
e x p o s u r e  c a v i t y  s u p e r f i c i a l  t o  t h e  g r o s s l y  i n f l a m e d  p u l p  
( F i g .  3 ) .
C a lc iu m  H y d r o x id e  D r e s s i n g s
A l l  r e m a i n i n g  s e v e n t e e n  p u l p  e x p o s u r e s  w h ic h  h a d  b e e n  
c a p p e d  w i t h  c a l c i u m  h y d r o x i d e  p r o d u c e d  some d e g r e e  o f  
r e p a i r  b y  d e p o s i t i o n  o f  s e c o n d a r y  d e n t i n e .
F ig .  1 A ttached f r a c tu r e d  spurs  of d en tine  p r o je c t  in to  the  p u lp .  
Large numbers of polymorphs a re  e v id e n t .  Vacuole form ation  and 
d i s i n t e g r a t i o n  of the  c e l l u l a r  elem ents a re  a p p a r e n t . x 55.
Fig. 2 Large numbers of polymorphs are present between the 
walls of the exposure cavity (top) and in the pulp. x 110.
F ig .  3 P a r t i a l  occ lu s io n  of the  exposure c a v i ty  by a mass 
of p a r t l y  m in e ra l is e d  m a te r i a l .  x 62.
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S a t i s f a c t o r y  -  The r e a c t i o n  o f  t h e  p u l p  was c o n s i d e r e d  
s a t i s f a c t o r y  i n  e l e v e n  t e e t h .  I n  e i g h t  o f  t h e s e  t h e  
b a r r i e r s  were  c o m p l e t e d  by  f o u r  w eek s .  I n  a l l  c a s e s  t h e  
r e p a r a t i v e  d e n t i n e  b r i d g e s  were  t h i c k e s t  a t  t h e  p o i n t  o f  
a t t a c h m e n t  t o  t h e  d e n t i n e  w a l l  o f  t h e  p u l p  cham ber  a d j a c e n t  
t o  t h e  m a r g i n s  o f  t h e  e x p o s u r e  c a v i t i e s  ( F i g .  4 ) .  Where 
c l o s u r e  was i n c o m p l e t e  t h e  b r i d g e s  a p p e a r e d  t o  b e  fo rm ed  by  
t h e  p r o g r e s s i v e  c l o s u r e  o f  a  d i a p h r a g m  f rom  t h e  p e r i p h e r a l  
p o i n t s  o f  a t t a c h m e n t  t o w a r d s  t h e  c e n t r e .  S i x  o f  t h e s e  
b a r r i e r s  i n c o r p o r a t e d  a t t a c h e d  m i n e r a l i s e d  s p u r s  o f  d e n t i n e .
The s e c o n d a r y  d e n t i n e  a n d  p r e d e n t i n e  l a y e r s  were  c o n ­
s i d e r a b l y  i n c r e a s e d  i n  t h i c k n e s s  i n  t h e  r e g i o n  o f  t h e  
p o i n t s  o f  a t t a c h m e n t  and a  wide  p r e d e n t i n e  l a y e r  was p r e s e n t  
o v e r  t h e  m i n e r a l i s e d  s e c o n d a r y  d e n t i n e  o f  e a c h  b r i d g e .  
O d o n t o b l a s t s  were  p r e s e n t  an d  c o n t i n u o u s  o v e r  a l l  b r i d g e s .
I n  most  c a s e s  c a l c i f i c a t i o n  h a d  commenced i n  d i s c r e t e  
f o c i  w h ic h  i n c r e a s e d  i n  s i z e  t o  fo rm  i r r e g u l a r  f u s e d  
m i l e r a l i s e d  a r e a s  l y i n g  w i t h i n  n o n - m i n e r a l i s e d  m a t r i x .
A l l  p u l p s  were  s l i g h t l y  h y p e ra e m ic  w i t h  many d i l a t e d  
and  c o n g e s t e d  b l o o d  v e s s e l s .  T here  were  no i n f l a m m a t o r y  
c e l l s  i n  t h e  p u l p  t i s s u e s  and t h e r e  was no e v i d e n c e  o f  
i n c r e a s e  i n  number o f  c a p i l l a r i e s  o r  f i b r o b l a s t s .
U n s a t i s f a c t o r y  R e sp o n se  -  E s t a b l i s h e d  d e n t i n e  b r i d g e s  were  
p r e s e n t  i n  t h r e e  o f  t h e  r e m a i n i n g  s i x  t e e t h  c o n t a i n i n g  
c a l c i u m  h y d r o x i d e  d r e s s i n g s ,  a n d  i n  t h e  o t h e r  t h r e e  b a r r i e r s  
were  p r e s e n t  b u t  p o o r l y  fo r m e d .  T hese  b a r r i e r s  h ad  fo rm ed  
i n  a  s i m i l a r  manner  t o  t h o s e  o f  t h e  s a t i s f a c t o r y  c a l c i u m  
h y d r o x i d e  b a r r i e r s .
F ig .  1; R epara tive  den tin e  b a r r i e r  benea th  calcium 
hydroxide i s  c lo sed  in  k weeks. D ebris of th e  n e c ro t ic  
zone l i e s  w i th in  th e  concav ity  of the  b a r r i e r .  x 55.
F ig .  5 The only s a t i s f a c t o r y  b a r r i e r  found beneath  a 
cyanoac ry la te  d r e s s in g .  x h3
F ig .  6 Increased, th ic k n e ss  of spur which has occurred 
a f t e r  o p e ra t iv e  exposu re . Many polymorphs 
a re  p re sen t  throughout the  p u lp .  x 2 l£ .
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I n  a l l  s i x  t e e t h  a b s c e s s e s  were  p r e s e n t  e i t h e r  w i t h i n  
t h e  e x p o s u r e  c a v i t y  s u p e r f i c i a l  t o  t h e  i n c o m p l e t e  b r i d g e  
o r  a d j a c e n t  t o  t h e  p r o j e c t i n g  f r e e  e n d s  o f  t h e  f o r m i n g  
b a r r i e r .
I n  t h r e e  c a s e s  t h e  r e m a i n d e r  o f  t h e  p u l p  was h y p e ra e m ic  
w i t h o u t  i n f l a m m a t o r y  c e l l s  and  i n  t h r e e  t e e t h  t h e r e  was a  
d i f f u s e  i n f i l t r a t i o n  o f  p o ly m o rp h s  t h r o u g h o u t  t h e  p u l p  w i t h  
d i l a t e d ,  c o n g e s t e d  v e s s e l s .  Where t h e  p u l p  was d i f f u s e l y  
i n f l a m e d ,  o d o n t o b l a s t s  and  p r e d e n t i n e  were  a b s e n t  f o r  a  
s h o r t  d i s t a n c e  f ro m  t h e  p o i n t s  o f  a t t a c h m e n t  o f  t h e  
b r i d g e s ,  b u t  t h e  e x p o s u r e  c a v i t i e s  were  o c c l u d e d  b y  
m i n e r a l i s e d  t i s s u e  l y i n g  b e tw e e n  t h e  w a l l s  o f  t h e  c a v i t y .
G .y a n o a c ry la t e  D r e s s i n g s
No c o m p l e t e d  b a r r i e r s  were  fo rm ed  b e n e a t h  any  o f  t h e  
t h i r t y  two c y a n o a c r y l a t e  d r e s s i n g s  t h r o u g h o u t  t h e  p e r i o d  
o f  t h e  s t u d y .
One p a r t i a l l y  c o m p l e t e d  b r i d g e ,  f o r  w h ic h  t h e  p r o g ­
n o s i s  was c o n s i d e r e d  t o  be  f a v o u r a b l e ,  was fo rm ed  i n  t h e  
f o u r  week p e r i o d .  T h i s  b r i d g e  was composed i n  p a r t  o f  
an  a t t a c h e d  f r a c t u r e d  s p u r  o f  m i n e r a l i s e d  d e n t i n e .  The 
l o c a t i o n  o f  t h e  c a l c i o - t r a u m a t i c  l i n e  i n d i c a t e d  t h a t  t h i s  
s p u r  h ad  b e e n  g r e a t l y  t h i c k e n e d  a f t e r  o p e r a t i v e  e x p o s u r e .  
O d o n t o b l a s t s  and  a  wide  p r e d e n t i n e  l a y e r  were  c o n t i n u o u s  
o v e r  t h e  m i n e r a l i s e d  p a r t  o f  t h i s  s p u r .  I n  a d d i t i o n  many 
a r e a s  o f  p a r t i a l l y  m i n e r a l i s e d  m a t r i x  h a d  f u s e d  t o  o c c l u d e  
and  b r i d g e  t h e  e x p o s u r e  ( F i g .  5 ) •
A l o c a l i s e d  m i c r o - a b s c e s s  was p r e s e n t  i n  t h e  e x p o s u r e  
and  t h e r e  was a  m i l d  d i f f u s e  i n f i l t r a t i o n  o f  p o ly m o rp h s
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t h r o u g h o u t  t h e  p u l p  t i s s u e s .  T here  was a  l o c a l i s e d  i n c r e a s e  
i n  t h e  number o f  c a p i l l a r i e s ,  many o f  w h ic h  were  em pty .
E s t a b l i s h e d  i n c o m p l e t e  b a r r i e r s  w i t h  a  p o o r  p r o g n o s i s  
f o r  c o m p l e t i o n  were  p r e s e n t  i n  f o u r  t e e t h  a f t e r  f o u r  weeks 
and  i n  two t e e t h  a f t e r  f o u r t e e n  w eek s .  I n  a l l  s i x  t e e t h  
t h e  t y p e  o f  b r i d g e  f o r m a t i o n  was s i m i l a r  t o  t h a t  d e s c r i b e d  
a b o v e .  Numerous p o ly m o r p h s  s u r r o u n d e d  b o t h  t h e  t h i c k e n e d  
f r a c t u r e d  s p u r s  o f  d e n t i n e  and t h e  i r r e g u l a r  p a r t i a l l y  
m i n e r a l i s e d  a r e a s  ( F i g .  6 ) .  The p u l p  t i s s u e s  were  h y p e r -  
aem ic  w i t h  w i d e l y  d i l a t e d  c o n g e s t e d  b l o o d  v e s s e l s  and a r e a s  
o f  v a c u o l i s a t i o n ,  h a e m o r rh a g e  and d i s i n t e g r a t i o n .  I n  
f i f t e e n  t e e t h  c o n t a i n i n g  c y a n o a c r y l a t e  d r e s s i n g s  p a r t i a l l y  
fo rm e d  b r i d g e s  were  p r e s e n t .
I n  a l l  c a s e s  t h e  p u l p s  c o n t a i n e d  m asse s  o f  p o ly m o rp h s  
t o  t h e  e x t e n t  o f  a lm o s t  c o m p l e t e  o b l i t e r a t i o n  o f  t h e  n o rm al  
p u l p  t i s s u e .  O d o n t o b l a s t s  and p r e d e n t i n e  were  a b s e n t  f rom  
t h e  v i c i n i t y  o f  t h e  m a r g i n s  o f  t h e  e x p o s u r e  c a v i t i e s  and  
f ro m  any a t t a c h e d  f r a c t u r e d  s p u r s  o f  d e n t i n e .
I n  c o n t r a s t  t o  t h e  c a l c i u m  h y d r o x i d e  d r e s s i n g s ,  many 
t e e t h  w i t h  c y a n o a c r y l a t e  d r e s s i n g s  showed no b r i d g e  fo rm a ­
t i o n  w h a t s o e v e r .  T h e re  was no i n c r e a s e d  d e p o s i t i o n  o f  
s e c o n d a r y  d e n t i n e  o r  p r e d e n t i n e  a f t e r  f o u r t e e n  weeks  i n  s i x  
t e e t h  and  a f t e r  f o u r  weeks i n  f o u r  t e e t h .  The p u l p  t i s s u e s  
o f  s e v e n  o f  t h e s e  w ere  d e n s e l y  i n f i l t r a t e d  w i t h  p o ly m o rp h s  
and  t h e r e  was w i d e s p r e a d  d i s i n t e g r a t i o n  o f  t h e  t i s s u e s .
I n  two t e e t h  a b s c e s s e s  were  l o c a l i s e d  t o  t h e  r e g i o n  o f  t h e  
e x p o s u r e  c a v i t i e s .
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D i s c u s s i o n
T h ro u g h o u t  t h e  f o u r t e e n  week p e r i o d  o f  t h e  s t u d y ,  
c o m p l e t e d  s e c o n d a r y  d e n t i n e  b r i d g e s  were fo u n d  b e n e a t h  
c a l c i u m  h y d r o x i d e  d r e s s i n g s  o n l y .  C l o s u r e  was c o m p l e t e d  
i n  m os t  c a s e s  w i t h i n  f o u r  w e ek s ,  a  s i m i l a r  t i m e  i n t e r v a l  
t o  t h a t  f o u n d  by  G l a s s  and  Z an d e r  (194-9) • The r e s p o n s e  
b e n e a t h  c a l c i u m  h y d r o x i d e  was s a t i s f a c t o r y  i n  s i x t y - f i v e  
p e r  c e n t  o f  t h e  c a s e s .  T h i s  o b s e r v a t i o n  i s  s i m i l a r  t o  
t h e  s e v e n t y  p e r  c e n t  s u c c e s s  r e p o r t  by  Nyborg (1 9 5 5 )  u s i n g  
a  s i m i l a r  c a l c i u m  h y d r o x i d e  p r e p a r a t i o n .
The c h a r a c t e r i s t i c  z o n e s  o f  n e c r o s i s  were  a p p a r e n t  on 
t h e  c o n ca v e  s u r f a c e s  o f  t h e  fo rm ed  b r i d g e s .
The r e s p o n s e s  o f  t h e  p u l p a l  t i s s u e  b e n e a t h  t h e  z i n c  
o x i d e  and e u g e n o l  d r e s s i n g s  were  u n f a v o u r a b l e .  No r e p a r a ­
t i v e  d e n t i n e  b a r r i e r s  h a d  b e e n  c o m p l e t e d ,  and  w i t h  one 
e x c e p t i o n  o n l y  t h e r e  was s e v e r e  i n f l a m m a t i o n  o f  t h e  p u l p  
t i s s u e  t h r o u g h o u t .  I t  was c o n s i d e r e d  t h a t  c o m p l e t i o n  
o f  t h e  d e n t i n e  b a r r i e r  c o u l d  h ave  o c c u r r e d  i n  one c a s e  o n l y ,  
a  f i n d i n g  w h ic h  i s  a g a i n  s i m i l a r  t o  t h a t  o f  G l a s s  and 
Z an d e r  (194-9).
The g e n e r a l  h i s t o l o g i c a l  p i c t u r e  b e n e a t h  t h i r t y  one 
c y a n o a c r y l a t e  d r e s s i n g s  was o f  m a s s i v e  i n f i l t r a t i o n  o f  
i n f l a m m a t o r y  c e l l s  w i t h  a b s e n t  o r  p o o r l y  fo rm ed  r e p a r a t i v e  
d e n t i n e  b r i d g e s .  I t  was a p p a r e n t  a l s o  f ro m  one i s o l a t e d  
c a s e  t h a t  b r i d g i n g  c o u l d  o c c u r  b e n e a t h  a  c y a n o a c r y l a t e  
d r e s s i n g  u n d e r  f a v o u r a b l e  c i r c u m s t a n c e s  i n  a  s i m i l a r  t im e  
i n t e r v a l  t o  t h o s e  fo rm e d  b e n e a t h  c a l c i u m  h y d r o x i d e  d r e s s i n g s .
The o v e r a l l  f a i l u r e  r a t e  b e n e a t h  c y a n o a c r y l a t e
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d r e s s i n g s  was n i n e t y - s e v e n  p e r  c e n t .  The u n f a v o u r a b l e  
p u l p a l  r e a c t i o n  may p o s s i b l y  be r e l a t e d  t o  t h e  low  pH o f  
t h i s  m a t e r i a l  i m m e d i a t e l y  b e f o r e  p o l y m e r i s a t i o n .  The 
c y a n o a c r y l a t e  u s e d  i n  t h e  p r e s e n t  work i s  s t a b i l i s e d  w i t h  
s u l p h u r o u s  a n h y d r i d e .  I t  i s  a l s o  p o s s i b l e  t h a t  t h e  
d e s t r u c t i o n  o f  p o t e n t i a l l y  i n f e c t e d  s u p e r f i c i a l  p u l p  
t i s s u e s  i n  t h e  n e c r o t i c  z o n e s  b e n e a t h  c a l c i u m  h y d r o x i d e  
i s  a  p r e r e q u i s i t e  f o r  s u c c e s s f u l  b r i d g i n g .
Bhaskar (1969) n o ted  t h a t  com plete b r id g in g  was n o t 
obse rved  w ith  i s o b u t y l  c y a n o a c ry la te  a f t e r  e ig h t  weeks 
and t h a t  p u lp  in f lam m atio n  appeared  l e s s  sev e re  th a n  t h a t  
b e n e a th  ca lc ium  h y d ro x id e .
I t  i s  p o s s i b l e  t h a t  f r e s h l y  p r e p a r e d  c y a n o a c r y l a t e  
monomer w i t h o u t  a  s t a b i l i s e r  and  w i t h  a  s h e l f  l i f e  o f  a b o u t  
t e n  d a y s  may e l i c i t  a  m i l d  i n f l a m m a t o r y  r e s p o n s e .  B h a s k a r  
d o e s  n o t  i n d i c a t e  t h e  s o u r c e  o f  h i s  m a t e r i a l .
W h i l s t  a  p u l p  c a p p i n g  m a t e r i a l  w i t h  a d h e s i v e  and 
h a e m o s t a t i c  p r o p e r t i e s  i s  d e s i r a b l e ,  t h e  p u l p a l  r e a c t i o n  
t o  t h e  c a p p i n g  a g e n t  i s  more i m p o r t a n t .
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